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CHAPTEE  I. 


THE  BLOOD. 


Every  change  in  the  quantity  or  tlie  quality  of  the  blood  itself  is  apt  to 
be  attended  mth  serious  disturbance  of  the  system ;  further,  the  blood  is 
the  carrier  and  distributer  through  the  body  of  nearly  aU  the  poisons 
organic  and  inorganic,  which  act  upon  the  latter.  From  this  it  follows 
that  the  physiology  and  pathology  of  the  blood  represent  a  mass  of 
Icnowledge,  at  once  immense  and  various.  It  is  not  our  purpose  here 
however,  to  treat  these  subjects  exhaustively,  but  merely  to  select  from 
them  certain  weU-established  facts  which  bear  upon  disease,  and  to  point 
out  the  way  m  which  they  may  help  in  its  diagnosis. 

I.  COLOUR  -Arterial  and  venous  blood  differ  considerably  as  to 
colour  in  health,  the  former  being  scarlet,  and  the  latter  a  bluish  red 
The  distinction,  however,  belongs  not  to  the  fluid  part  of  the  blood  or 
plasma,  but  to  the  colouring-matter,  or  hemoglobin,  contained  in  'the 
red  corpuscles,  and  it  depends  upon  the  chemical  constitution  of'  the 
corpuscles,  which,  changing  colour  themselves,  determine  the  tint  of  the 
whole  mass  of  the  blood. 

Thus,  when  the  blood  is  rich  in  oxygen,  the  amount  of  hemoglobin 
IS  mcreased,  and  the  fluid  is  proportionately  bright  red.    Again,  ^here 
as  IS  always  the  case  with  venous  blood,  oxygen  is  deficient,  o;  where' 
from  physiological  or  pathological  causes,  arterial  blood  contains  bu^ 
httle  o.xyh.moglobm,  the  colour  is  darker,  and  this  in  a  degree  corre- 

th    K  T'"^  --^-^  -^^^^  states, 

howevei   the  blood  may  assume  a  brighter  tint  than  that  of  health; 

bright  eherry  colour  (see  p.  63).  [Venous  blood,  which  appears  dark 
red  by  refiec  ed  light,  is  green  by  transmitted  light.  It  th  ref". 
saKl  to  be  dichroic.  Arterial  blood  is  monochroic.^l *  The  blood  w  "l  ' 
taken  from  the  finger  for  the  purpose  of  microscopical  exam"  ' 
means  of  a  slight  puncture  is  usuaUy  venons  in  chanicter.  ^ 

*  The  Numbers  refer  to  the  Bibhography  at  the  end  of  the  volume. 
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THE  BLOOD. 


II.  THE  REACTION  of  healthy  blood,  like  that  of  nearly  all  the 
tissue  fluids,  is  alkaline.  [It  is  due  to  the  presence  of  disodic  phos- 
phate, NagHPO^,  and  bicarhonate  of  soda.]  Still,  this  reaction  is  Hable 
to  considerable  variation  under  certain  conditions  of  health  as  well  as 
in  disease. 

The  alkalinity  of  the  blood  diminishes  when  it  has  been  with- 
drawn from  the  inliuence  of  living  blood-vessels.  Hence  we  find 
that  an  acid  reaction  is  one  of  the  phenomena  of  coagulation,  and 
that  this  becomes  more  pronounced  the  longer  the  blood  is  aUowed 
to  stand.  [The  change  depends  upon  the  formation  of  an  acid  derived, 
probably,  from  the  decomposition  of  the  colouring-matter  of  the  red 
■corpuscles.] 

To  test  the  reaction  of  the  blood,  L/e^^-eicA  2  employs  plates  of  plaster 
of  Paris  or  clay  soaked  in  neutral  litmus  solution.  A  few  drops  of  the 
blood  to  be  examined  are  placed  upon  this,  and  washed  off  again  with 
water.*  If  the  blood  was  alkahne,  the  spot  upon  which  it  has  faUen 
exhibits  a  blue,  but  if  acid,  a  red  colour. 

For  the  same  purpose  ZuntrJ  uses  glazed  htmus  paper  soaked  in  a 
solution  of  common  salt  or  sulphate  of  soda;  this  he  dips  several  times 
in  the  blood  to  be  tested,  and  again  washes  in  the  salt  solution.  The 
same  thing  may  be  done  by  aUowing  a  drop  of  the  blood  to  faU  on  the 
litmus  paper,  and  then  quickly  washing  it  off  again,  as  m  Liebreichs 

method.  . 

For  the  comparative  estimation  of  the  alkahnity  of  the  blood  m 
animals,  Lcissav^  has  devised  a  process,  which,  however,  cannot  be 
applied  to  the  case  of  human  beings,  where  the  requisite  quantity  of 
blood  is  not  available.  On  the  other  hand,  the  plan  which  Landois^ 
recommends  is  very  suitable  for  clinical  purposes. 

The  author  has  obtained  useful  results  in  a  large  series  of  observations 
by  proceeding  according  to  the  foUowing  method  (a  modification  of  that 
of  Landois),  for  the  quantitative  estimation  of  the  alkalinity  of  the 

^  Yn^Wture  is  made  of  a  concentrated  solution  of  sulphate  of  soda  with 
i/ioo  and  i/iooo  normal  solution  of  tartaric  acid  (1.)  in  various  propor- 
tions •  and  in  this  way  a  series  of  test-fluids  is  obtained,  the  members 
orwii"  contain  varying  quantities  of  acid  to  the  cubic  centimetre.! 

*  TThe  reaction  of  the  blood  ^vith  ordinary  litnms  paper  is  obscured  by  the  red 
colou^of  the  n,  and  the  various  expedients  for  its  determination  are  dn-ected  to 
overcome  this  difficulty.]  ^^.^  dissolved 

■ '  T'l":'';-:  srn.™.^o',;5tr  .-/.o  \i  «„  .0,.,  ,.„.it.. .pp- 

phI "  '.h"  the  „or».  .olution.  „/,oo  .„d  ,/.oco,  ™y  be 

obtained." 
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ICxperience  sIioavs  that  eigliteen  sucli  test-solutions  of  varying  acidity 
are  needed.    And  of  tliese  : — 

1.  contains  in  i  cc.  0.9  cc.  of  i/ioo  normal  .solution  of  acid  and  o. i  cc. 

n.       „       in  I  cc.  0.8  cc.  of  i/ioo  ,,  j,  „  0.2,, 
and  so  on. 

IX.       ,,       in  I  cc.  0.1  cc.  of  i/ioo  „  ,,  ,.  0.9,', 

X.       ,,       in  I  cc.  0.9  cc.  of  i/iooo  ,,  ,,  o.i  ,, 

and  so  on. 

XIV.       ,,       in  I  cc.  0.5  cc.  of  i/iooo  ,,  ,,  0.5 
and  so  on. 

XVIII.       ,,       in  I  cc.  0.1  cc.  of  i/iooo  ,,  ,,  0.9 

The  experiment  is  conducted  in  the  following  manner  : — The  proper 
quantities  of  the  acid  and  sulphate  of  soda  solutions  are  placed  in  a 
series  of  Avatch-glasses,  by  means  of  a  pipette  graduated  in  o.i  cc.,* 
and  a  number  of  strips  of  very  sensitive  blue  and  red  litmus  paper  are 
prepared.  The  blood  is  usually  taken  by  means  of  cupping-glasses  from 
the  patient's  back,  and  before  it  coagulates,  o.  i  cc.  of  the  blood  is  added 
to  each  cc.  of  the  fluids  described  above,  Avell  mixed  in  each  case,  and  the 
resulting  mixtures  tested  with  the  litmus  papers  until  one  is  found  to 
exhibit  a  neutral  reaction,  i.e.,  leaving  the  red  and  blue  litmus  paper 
T-mchanged.  This  will  show  what  quantity  of  the  acid  is  required  to 
neutralise  0.1  cc.  of  the  blood  in  question.  In  order  to  arrive  at  an 
accurate  residt,  it  is  necessary  to  proceed  very  quickly,  and  as  a  rule  it 
may  be  laid  down  that  not  more  than  i|  minutes  should  be  allowed  to 
elapse  between  the  taking  of  the  blood  and  the  conclusion  of  the  experi- 
ment, having  regard  to  the  rapid  dimmution  of  alkalinity  after  the  blood 
is  withdrawn  from  the  living  vessels. 

For  the  sake  of  clearness  the  foUowing  example  may  be  taken  :— 

In  the  case  of  a  man  who  suffered  from  tuberculosis  and  tabes  dorsalis,  it  Was 
found  that  0.4  CO.  of  i/ioo  normal  tartaric  acid  solution  was  required  to  neutralise 
O.I  cc.  of  blood. 

I  cc.  of  i/ioo  normal  solution  of  the  acid  corresponds  to  0.0004  grm.  NaOH. 
"         "  "  "  "  0.00004 

"         "  "  "  "  0.00016  „  „ 

ihe  alkalinity  of  the  blood  may,  therefore,  be  expressed  by  o.oooi6  grm.  NaOH 
for  O.I  cc,  or  .  160  grm.  NaOH  for  100  cc.  •  s       ^  ^^'^ 

Haycraft  and  Williamson's  Method. 
[The  method  recently  introduced  by  Haycraft  and  Williamso,,r  is  very  suitable 
for  clinical  purposes,  since  by  its  means  the  alkalinity  of  the  blood  may  be  deter- 
mined  quantitatively  from  a  single  drop  of  the  fluid. 

oxalicrt'  °^  If  ^"T  l^^""''  Wep^red,  containing  varying  quantitie.s  of 
oxahc  or  .ome  other  acid.  One  of  these  is  such  as  is  found  by  experiment  barely 
togiv^arcaction  with  normal  blood,  and  this  is  made  the  basis  of  a  series  of  test 

8er*ve^veryreir''^°"'  '"""""'"^  ^"Vettes        p.  .9)  containing  0.1  cc.  will 


THE  BLOOD. 


papers  answering  to  different  degrees  of  allcalinity.  Tlie  strength  of  each  is  esti- 
mated by  means  of  a  solution  of  caustic  potash  of  known  concentration.  The 
papers  are  glazed,  and  dipped  for  a  second  or  two  in  liquid  paraffin  and  then 
dried.  In  conducting  the  experiment  a  drop  of  blood  is  drawn  from  the  finger 
(previously  well  cleansed)  and  placed  upon  a  paper  of  medium  strength.  There 
it  is  allowed  to  rest  for  ten  seconds.  Sufficient  of  the  plasma  has  then  soaked  in. 
The  blood  is  washed  off,  and  the  reaction,  if  any,  is  at  once  apparent.  Should 
this  be  so,  a  paper  containing  more  acid  is  employed  ;  but  if  there  be  no  reaction, 
a  weaker  one  is  taken.  Suppose,  now,  it  is  found  that  the  blood  will  give  a  reac- 
tion with  the  sixth  and  not  with  the  seventh  paper,  the  former  is  then  taken  as 
the  expression  of  its  alkalinity.    But  it  is  known  that  an      solution  of  an  alkali 

will  give  the  same  reaction,  therefore  the  alkalinity  of  the  blood  will  be 
"  This  is  perhaps  not  absolutely  true,  for  probably  the  blood  plasma  does  not 
percolate  so  readily  into  the  litmus  paper  as  does  a  watery  solution  of  an  alkali. 
In  this  case,  however,  the  error  will  be  uniform,"  and  will  not  vitiate  the  con- 
clusion in  a  series  of  comparative  investigations.*] 

It  is  true,  as  H.  Meyer  ^  has  shown,  that  the  results  to  he  obtained  in 
this  way  are  open  to  error.  This,  indeed,  we  should  expect,  since  the 
final  reaction  varies  in  each  specimen  with  the  colour  of  the  blood  and 
the  quantity  of  CO.,  which  it  contains.  The  method  has  been  described 
here,  faulty  and  unsatisfactory  as  it  is,  because  by  means  of  it  certaui 
information  has  been  obtained  as  to  the  character  of  the  blood  m 

The  author's  experiments  1°  have  led  him  to  the  conclusion  that  the 
allvalinity  of  loo  cc.  of  healthy  human  blood  corresponds  to  260-300 
mt^rms  of  NaOH.    Canard,'^^  who  adopts  a  similar  method,  gives  the 
.  equivalent  as  203-276  mgrms.  NaOH ;  while  Mya  and  Tassinan,^'^  from 
experiments  upon  blood  drawn  from  the  veins,  quote  very  much  higher 
fiaures  (516  mgrms.)    The  allvalinity  of  the  blood  is  often  dimmished 
iiT  fever.    The  author  has  invariably  found  it  reduced  considerably  ui 
uremia  as  weU  as  in  certain  toxic  states,  as  carbonic  oxide  poisoning. 
[It  is  also  reduced  in  persistent  vomiting.]    In  organic  disease  of  the 
liver  leukemia,  pernicious  anemia,  and  diabetes,  the  author  has  found 
such  a  cUminution  as  was  capable  of  being  expressed  m  figures,  and  m 
this  (the  condition  of  the  blood  in  chlorosis  alone  excepted)  he  is  bonu- 
out  by  the  researches  of  Gniber.^^    His  conclusions  have  also  been  con- 
firmed by  Peiper    and  Rumpf.^^^    The  results  obtained  by  Kraus  with 
another  method  are  substantiaUy  the  same.    Klemperer  "  lias  proceeded 
also  on  the  principle  of  estimating  the  proportion  of  CO,.    He  has  found 
that  the  diminished  alkalinity  of  the  blood  in  fever  is  not  aflected  b> 

*  ri  am  indebted  to  the  courtesy  of  Dr.  J.  B.  Haycraft  for  a  personal  communic.a- 
[1  am  luuLuucu  ,  ■         t    L     TTfl  iiifnrms  me  that  he  has  already  derived 

widely  as  that  of  the  urine.— (Eu.)] 
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the  administration  of  anti-i^yretic  remedies.  Cantaui^^  is  of  opinion 
that  the  blood  in  cliolera  may  exhibit  an  acid  reaction  even  during  life. 

Kraus'  Method. 

The  blood  is  taken  by  a  lancet,  and  its  content  of  carbonic  acid  determined  by 
weighing.  Tiiis  nietliod  is  probably  accurate  ;  but  from  the  quantity  of  blood 
which  it  demands,  and  the  inexpediency  of  employing  the  lancet  for  clinical  pur- 
poses, it  is  not  to  be  preferred  to  the  other  methods,  which  in  general  have  yielded 
the  same  results. 


III.  SPECIFIC  GRAVITY  OF  THE  BLOOD.— The  specific  gravity 
of  healthy  human  blood  has  been  stated  at  i. 045-1.075  by  Landois,^^ 
and  1.035-1.068  by  Lloyd  Jones.^-'>  It  is  usually  lower  in  women  than 
in  men ;  and  the  last-mentioned  authority  has  shown  that  it  is  highest 
at  birth,  falls  gradually  during  the  first  few  years  of  life,  and  reaches 
its  lowest  point  in  man  at  35-45  years  of  age.  [It  is  diminished  by 
hunger,  in  pregnancy,  by  the  ingestion  of  solid  or  liquid  food,  or  by 
gentle  exercise.^^] 

To  estimate  the  specific  gravity  of  the  blood,  Boifs  method  may  be 
adopted.  This  requires  a  series  of  test-tubes,  holding  a  mixture  of 
glycerme  and  water  in  different  proportions,  so  that  the  sp.  gr.  of  these 
shall  range  between  1.040  and  1.080.  The  test-tubes  should  have  a 
diameter  of  4  cm.  and  should  hold  from  80-100  cc. 

The  proceeding  is  as  follows  :  22_A  drop  of  blood  is  drawn  from  the 
finger  by  pricking  it  with  an  aseptic  needle;  a  capillary  tube  of  glass, 
bent  at  a  right  angle,  and  connected  by  a  caoutchouc  tube  with  the  nozzle 
of  a  Pravaz  syringe  is  now  taken,  and  the  free  pointed  end  of  the  tube  is 
placed  in  the  centre  of  the  exuding  blood,  some  of  which  is  drawn  into 
the  tube  by  a  slight  movement  of  the  piston.    By  gentle  pressure  on  the 
piston  of  the  syringe  a  drop  of  blood  is  expelled'into  the  middle  of  the 
fluid  m  one  of  the  test-tubes.  There  the  blood  Mall  rise  or  sink  according 
to  the  density  of  the  glycerine  mixture,  and  successive  trials  are  made 
until  a  fluid  IS  found  in  which  the  blood  remains  suspended.  The 
density  of  this  fluid  is  that  of  the  blood.    The  glycerine  mixtures  may 
he  preserved  for  future  use  by  the  addition  of  a  little  thymol,  but  their 
«p.  gr.  must  be  verified  before  each  investigation.    [English  observers 
generally  dispense  with  the  syringe  and  employ  the  right-angled  glass- 
tube,  which  IS  pointed  at  one  extremity  and  expanded  at  the  other,  where 
It  IS  c  oscd  by  a  caoutchouc  cap,  and  by  means  of  this  the  blood  is  drawn 
HI  and  again  expressed  in  the  test  fluid.    For  purposes  of  comparison 
he  blood  should  be  examined  in  the  morning,  and  always  at  the  same 
hour  since  Z%cZ  /o«..  2.  y^^^  .^^  ^^^^^  ^.^^^^^^^ 

vauations  dependent  probably  upon  the  ingestion  of  foodr  Again,  in 
xomoving  the  blood  for  examination,  it  is  important  to  avoid  pressure  on 
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the  part  from  which  blood  is  withdnuvn  (as  by  squeezing,  or  the  appHca- 
tion  of  a  ligature),  since  the  sp.  gr.  is  altered  by  such  expedients.] 
HammersMarfs'-^  method,  and  that  of  Schmaltz'-'-'  and  Peiper,^'^  wlio 
make  use  of  a  capillary  pycnometer,  seem  to  have  no  advantage  over 
that  described  here. 

[Instead  of  glycerine  Landois  employs  solutions  of  sulphate  of  soda 
for  the  test  fluids.    The  process  is  in  other  respects  the  same  as  Roy's.2' 

Moncldon  Copeman'-^  and  Sherrington  have  investigated  the  sp.  gr.  of 
the  blood  by  a  method  founded  on  that  of  Eoy.  To  prevent  decomposi- 
tion of  the  test  fluids  and  consequent  change  in  their  density  they  are 
derived  from  a  stock  fluid  of  glycerine  and  water  saturated  with  boro- 
glyceride  and  sulphate  of  magnesium,  with  a  smaU  quantity— i  m  looo 
—of  corrosive  subhmate.  Such  a  fluid  wHl  remain  serviceable  for  more 
than  three  years.]    (See  note  on  p.  78.) 

Examination  of  the  blood  in  the  author's  clinic  has  shown  that 
intestinal  hismorrhage,  severe  aneemia,  and  prostration,  are  attended 
with  a  faU  in  specific  gravity.  Siegl  and  Schvmltz  have  found  that  the 
specific  gravity  varies  with  the  proportion  of  haemoglobin,  but  not  with 
the  total  number  of  ceUular  elements.  Hence  it  follows  that  a  diminu- 
tion in  the  number  of  red  corpuscles  may  be  inferred  from  a  fall  m 
sp  oT  and  the  comparatively  easy  investigation  of  the  latter  may  Ije 
made,  in  practice  to  replace  the  estimation  of  haemoglobin,  Avhich  can  be 
efi"ected  only  by  the  use  of  costly  instruments. 

IV  CHANGES  IN  THE  FORMED  ELEMENTS  OF  THE  BLOOD.- 

The  blood  contains  red  and  white  corpuscles,  and  recent  observations 
IBvyzozero)  have  shown  the  presence  in  it  of  a  third  class  of  formed 
elements,-the  blood-tablets  (or  blood-plates).  The  existence  of  these 
bodies  is  now  beyond  dispute.  To  make  them  apparent  m  fresh  blood, 
it  is  necessary  to  fix  the  latter  by  the  addition  of  some  preservmg  fluid,  _ 
such  as  Hayem's^o  solution,  Avhen  it  may  be  examined  du-ectly  with  an 
oil-immersion  lens  and  a  narrow  diaphragm. 

The  constitution  of  Hayem's  solution  is  as  follows  :— 
I  grm.  of  chloride  of  sodium,  5  grms.  of  sodic  sulphate,  0.5  grm.  corrosive 
sublimate,  and  200  grms.  distilled  water. 

The  preparation  will  then  show  the  bodies  in  question  as  muiute 
obiects  with  a  diameter  less  than  half  that  of  the  red  blood-corpuscles 
scattered  sin^dy,  or  in  groups  in  the  field.  In  the  present  state  of  oui 
r  let  tjJ;  posses!  nondiagnostic  importance.  [They  are  supposed 
mos  abundantly  present  in  the  blood  of  persons  sufformg  from 
Ionic  diseases;  and  are  said  to  increase  in  number  dunng  pregnane, 
l'/2),  in  conditions  of  regeneration  ^Afc^assierc),  in  febmle  an.nna 
{Fiisari),  and  to  diminish  in  fever.''"'] 
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The  physiology  of  the  red  and  white  blood-corpiiscles  is  sufficiently 
set  forth  in  the  Text-books  of  tliat  science.^^ 

Pathologically,  the  corpuscles  exhibit  changes  as  to  quantity  and 
character  which  are  of  the  utmost  importance  in  diagnosis.  These 
changes  seldom  occur  separately,  but  are  usually  combined, — although 
alterations  of  the  structure  of  the  corpuscles  may  be  more  pronounced 
in  some  cases,  of  their  nwnber  in  others.    We  shall  consider  : 

1.  The  diminution  in  the  number  of  the  cellular  elements  of  the 
blood  {oligocytluemia). 

2.  The  increase  in  the  number  of  the  cellular  constituents.  An 
absolute  increase  of  this  kind  has  not  yet  been  proved  to  occur,  but 
a  relative  preponderance  of  white  corpuscles  is  often  met  with.  This 
happens  normally  during  digestion  (physiological  leucocytosis), — as  a 
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Fio.  i.— Blood-plates  from  normal  blood.  (The  blood  had  been  fixed  with  Hayem's  folution. 
Bye-piece  HI.,  objective  Zeiss      homogeneous  immersion). 

transient  phenomenon  in  a  number  of  morbid  states  {pathological  leu- 
cocytosis), and  as  a  persistent  condition  {leukoimia). 

3.  Changes  in  the  form  of  the  blood-corpuscles  (poiJcilocT/tosis,  micro- 
cythcoinia). 

1.  Olig-ocythsemia.— F/ero?-c7;;  has  computed  that  in  healtli  the 
number  of  red  blood-corpuscles  is  five  millions  in  a  man,  and  4^  millions 
in  a  woman  to  the  cubic  millimetre  of  blood.32. 33  clisease  the  number 
may  dimini.sh  temporarily  or  permanently  to  two  millions,  or  even  sink 
as  low  as  360,000  per  cubic  millimetre.  Such  a  condition  may  occur  as 
a  consequence  of  hsemoiThage,  whether  of  a  traumatic  origin,  or  due  to 
morliid  cliangos  in  the  blood-vessels,  as  when  intestinal  bleeding  takes 
place  in  typhoid  fever.  As  a  permanent  state,  it  may  l)o  a  phenomenon 
of  any  disease  which  is  attended  with  deficient  regpucration  of  the  blood. 
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[The  nuiuber  of  tlie  red  corpuscles  is  lessened  in  chronic  lead-poison- 
ing, miasmatic  conditions,  and  in  syphilis.] 

Diagnosis  of  OUgocythoimia. — The  methods  and  apparatus  employed 
liy  physiologists  to  estimate  a  diminution  of  the  red  blood-corpuscles  are 
very  many  ;  but  of  these  a  large  number  are  useless  for  clinical  purposes, 
inasmuch  as  they  require  too  great  quantities  of  blood  to  work  upon. 

The  apparatus  which  will  serve  oiu-  purpose  is  of  two  classes.  One 
is  used  to  count  the  actual  number  of  blood-corpuscles  in  a  specimen 
of  blood;  the  other,  by  estimating  the  quantity  of  htemoglobin  present, 
enables  us  to  draw  an  inference  as  to  changes  in  the  blood.  Both 
methods  have  their  advantages  and  supplement  each  other,  since  a 
diminution  in  the  haemoglobin  is  usually  proportionate  to  a  diminution 
in  the  red  corpuscles ;  thus,  oUgochromcemia  and  oligocytlicemia  mostly 
occur  together.  Quite  recently  also,  it  has  been  found  possible  to  take 
account  of  the  bulk  of  the  red  corpuscles  (see  p.  25),  a  point  of  some 
value  clinically. 

When  the  oUgocytlmmia  is  very  pronounced,  a  glance  through  the 
microscope  will  suffice  to  recognise  it ;  and  so  with  oUgochromcemia — 
diminution  of  htemoglobin — a  little  practice  will  enable  us  to  detect  it 
by  a  simple  examination  of  the  blood  in  a  very  thin  layer  without  the 
addition  of  any  fluid.  To  effect  this,  the  end  of  the  finger  should  be 
Avashed  in  plain  water,  and  pricked,  and  the  first  drops  of  blood  allowed 
to  flow  off.  A  glass  slide  should  then  be  allowed  to  touch  the  siunmit 
of  the  drop  of  blood  on  the  skin  without  coming  in  contact  with  the 
finger,  quickly  withdrawn,  and  a  cover-glass  placed  over  it. 

In  this  way  such  impurities  as  epithelium,  &c.,  are  avoided. 

The  use  of  carbolic  acid,  aether,  or  alcohol,  to  wash  the  skin,  is  not  to  be 
recommended,  since  these  bodies  are  likely  to  produce  changes  in  the  appearance 
of  the  corpuscles.  When  the  object  of  the  examination  is  the  detection  of  micro- 
organisms in  the  blood,  the  utmost  care  must  be  taken  in  cleansing  the  skin  (see 
p.  40). 

Proceeding  in  this  way  in  a  case  of  oligocythfemia,  when  the  slide 
is  placed  imder  the  microscope,  a  marked  diminution  in  the  number  of 
blood-corpuscles  wiU  be  noticed.  The  red  corpuscles  will  also  in  most 
cases  be  paler  than  normal ;  their  usual  bi-concave  shape  less  marked ; 
they  are  somewhat  flattened,  and  they  tend  less  to  run  into  roideaux  or 
assume  stellate  forms.  At  the  same  time,  they  may  be  seen  to  have 
undergone  peculiar  changes  of  shape  (poiJdlocytosis). 

For  many  purposes  it  is  well  to  fix  the  blood  with  some  preserving 
fluid  before  examination.  A  solution  of  common  salt  (0.8-1.0  per 
cent.)  or  of  sulphate  of  magnesium  (5  per  cent.)  may  be  used  {Gniber). 
Hayem's  or  Pacims  solution  )nay  be  employed.  Hayem's  has  been 
already  described. 
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Pacini's  solution  is  prepared  thus  : — A  mixture  is  made  of  i  part  corrosive  sub- 
limate, 2  parts  common  salt,  13  parts  gljxerine,  and  1 13  jmrts  distilled  water,  and 
the  fluid  is  allowed  to  stand  for  at  least  two  months.  When  about  to  be  used,  a 
portion  is  diluted  with  three  times  its  bulk  of  distilled  water,  and  filtered  through 
blotting-paper.^-' 

When  it  is  ti  question  of  a  lesser  degree  of 
oligocytliffiiuia,  this  proceeding  will  not  suffice,  and 
we  must  have  resort  to  special  means  of  estimating 
the  precise  number  of  the  corpuscles  or  the  relative 
quantity  of  htemoglobin  j^reseut.  In  recent  times 
a  great  many  instruments  have  been  constructed 
with  the  'first-named  object — as  those  of  Quincke, 
Malassez,  Bayem,  Goioers,^^  and  Tlioma  and  Zeiss. 
The  princij^le  on  which  all  these  are  constructed  is 
the  same.  A  known  quantity  of  blood  is  mixed  in 
definite  proportion  Avith  some  indifferent  fluid  (3 
])er  cent,  salt  solution,  &c.),  a  portion  of  the  mix- 
ture is  placed  upon  a  hollow  slide  of  known  con- 
tents and  graduated  surface,  and  then  the  cor- 
puscles are  counted  with  the  aid  of  the  microscope. 

(a.)  The  Thoma-Zeiss  Apparatus  for  Counting 
Blood-Corpuscles. — The  simplest  and  best  of  these 
instruments  is  that  of  Tlioma  and  Zeiss.  It  con- 
sists of  a  capillary  tube  of  glass  about  10  centi- 
metres long,  expanding  in  its  upper  third  to  a  bulb, 
in  which  lies  a  small  glass  ball.  The  lower  end  of 
the  tube  is  furnished  with  a  scale,  graduated  in 
parts,  numbered  o.  i,  0.5,  i,  up  to  loi  (fig.  2).  With 
this  instrument  is  used  a  counting-chamber  in- 
vented by  Abhe  36  and  Zeiss.  This  is  a  glass  recep- 
tacle cemented  upon  a  glass  slide  (fig.  3) ;  it  is 
exactly  o.  i  mm.  in  depth,  and  its  floor  is  marked 
out  into  microscopic  squares  (fig.  4).  The  space 
overlying  each  square  =  1/4000  mm^*  and  the 

squares  are  portioned  out  in  groups  of  16  by  plainer    f,„  ^  -cnpuiary  Tube 
Imes  (fig.  s). 

(Thoma-Zeiss  Apparatus 

_  Application  Of  the  Process.~Ainxn^imc,\^m^A^To.^:^^^^  """""^ 
in  the  tip  of  the  finger,  and  in  doing  this  tlie 
precautions  already  indicated  are  taken.    Blood  from  tlie  summit  of  the 
exuding  drop  is  then  sucked  into  the  tube  until  it  reaches  the  mark  .5 
or  I.    The  point  of  tlie  tube  is  wiped,  and  a  3  per  cent,  solution  of 
common  salt  sucked  in  until  the  fluid  lias  risen  to  tlie  point  marked  iot. 
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Min^  =  cubic  millimetre. 
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For  some  years  the  autlior  has  used  liayem's  fluid  in  this  experiment 
(see  p.  6).  ■Daland^'^  and  Sadler  prefer  a  2^  per  cent,  sohition  of 
bichromate  of  potash.  The  contents  of  the  tube  are  then  thoroughly 
mixed,  and  the  column  of  fluid  in  the  capillary  tube  is  removed  by 
blowing  into  the  tube,  as  the  blood  Avould  not  mix  with  the  solution 
of  common  salt.  To  neglect  this  precaution,  therefore,  would  vitiate 
the  experiment. 

The  capillary  tube  must  be  carefully  cleaned  after  use,  by  washing  it  with 
distilled  water,  then  with  alcohol,  and  finally  with  aether,  and  a  brisk  cuiTent  of 
air  blown  through  it.    For  the  latter  purpose  Bohm's  air-pump  is  very  suitable. 
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Fig.  5.— Thoma-Zeiss  Apparatus  for  Coimting  Blond-Corpuscles. 

The  hollow  cell  of  the  slide  is  next  filled  with  the  mixed  blood- 
and-salt-solution,  care  being  taken  to  guard  against  the  admission 
of  air-bubbles,  and  the  cover-glass  is  accurately  adjusted  m  sue  1  a 
manner  that  Newton's  colour-rings  arc  produced.  The  _  preparation 
is  left  to  stand  for  some  minutes,  so  as  to  allow  of  an  intimate  ad- 
mixture of  its  parts,  after  which  it  is  placed  under 
and  looked  at  with  a  power  of  30-70  diameters,  when  it  .mU  be  seen 
whether  any  air-bubbles  or  foreign  bodies  are 
vh.ther  the  corpuscles  are  pretty  evenly  distributed  through  the  fluid. 
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Tlie  latter  are  then  counted  under  a  high  power.  In  doing  this,  the- 
number  present  in  sixteen  squares  is  counted,  and  from  tliis  the  average 
is  estimated.  The  greater  the  number  of  the  squares  taken,  the  more 
accurate  will  be  the  result  attained.  To  count  the  corpuscles  contained 
in  sixteen  squares,  Lyon  and  Thoma^^  made  the  foUoAving  suggestions  :— 
The  space  overlying  a  vertical  series  of  four  of  the  squares  is  taken 
as  that  the  contents  of  which  are  to  be  estimated  together.  All  the 
cells  wliich  cover  or  impinge  upon  the  upper  boundary  of  the  rectangle 
formed  by  these  four  squares  are  to  be  reckoned,  and  that  whether  the 
cells  themselves  are  situated  within  or  without  the  boundary-line  in 
question.  So  also  are  those  which  touch  upon  the  line  bounding  the 
field  of  four-squares  on  one  (left)  of  its  sides,  and  all  that  are  entirely 
included  within  its  limits  without  being  anywhere  in  contact  with  the 
boundary. 

The  object-glass  used  in  this  investigation  should  be  Zeiss,  C  or  D  ; 
Hartnaclc,  6  ;  or  Reiclierf,  7. 

The  estimation  of  the  total  number  of  corpuscles  is  conducted  as 
follows  : — If  the  blood  in  the  tube  reached  to  the  point  0.5,  its  propor- 
tion in  the  mixed  solution  will  be  i  :  200  ;  if  to  the  point  i.o,  i  :  100. 
Multiply  the  number  of  corpuscles  counted  in  all  the  squares  by  4000 
(toVo  heing  the  cubic  contents  overlying  a  square),  and  the  result  by 
100  or  200,  according  to  the  degree  of  dilution.  Then  divide  the  i^ro- 
duct  by  the  number  of  squares  taken,  and  the  result  gives  the  number 
of  blood-corpuscles  contained  in  a  cubic  millimetre  of  blood. 

To  estimate  the  number  of  wliite  corpuscles  in  a  specimen  of  blood, 
Thoma*'^  dilutes  the  latter  Avith  water  containing  one-third  per  cent, 
glacial  acetic  acid  in  the  proportion  of  i  :  10.  In  this  way  the  red  cor- 
puscles are  destroyed,  and  the  white  alone  remain  in  the  field  of  vision. 
In  mixing  the  fluids,  the  same  observer  employs  a  mixing-glass  speci- 
ally devised  by  Zeiss  for  the  purpose.  The  process  may  also  be  carried 
out  thus  : — By  means  of  a  pipette  of  i  cc.  contents,  and  accurately 
graduated  in  o.i  cc.  units,  0.9  cc.  of  the  acetic  acid  solution  is  measured 
out  into  a  watch-glass  ;  with  another  pipette  holding  exactly  o.i  cc,  the 
blood  is  added  to  this  and  the  tAVo  Avell  mixed.  A  drop  of  the  mixture 
is  placed  Avithin  the  counting-chamber  of  the  cytometer  prepared  as 
before;  and  noAv,  since  the  number  of  corpuscles  is  relatively  fewer, 
the  entire  field,  and  not  its  marked-out  divisions,  is  talcen  as  the  basis  of 
calculation,  greater  accuracy  being  so  obtained.  To  the  same  end,  a 
lower  power  will  .be  used,  so  as  just  to  bring  the  marks  in  the  floor  of 
the  chamber  clearly  into  vieAV.  Before  beginning  to  count  the  corpus- 
cles, however,  it  will  be  well  to  focus  with  the  fine  adjustment  of  the 
microscope,  and  to  make  sure  that  the  cells  have  all  settled. 

The  cubic  contents  of  tliat  part  of  the  chamber  whicli  corresponds 
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to  the  field  of  vision  can  be  ascertained  in  the  following  way  :— The 
divisions  of  the  chamber  which  appear  in  the  field  are  first  counted. 
Each  of  these  measures  tjV  mm.  across  (v.  mpra :  the  area  =  ^-J^  nnn.^, 
the  cubic  contents  =  ^^V^  mm.^).  The  diameter  of  the  field,  therefore, 
is  mm.  multiplied  by  the  numlier  of  divisions  which  it  contains. 
Thus,  for  instance,  if  ten  of  the  divisions  are  seen,  the  diameter  of  the 
field  =io  X  „V  mm.  or  \%,  and  the  radiirs  =  i°  mm.  The  area  of  the 
field,  therefore  =  ir  {\lf-  mm.-,  and  if  the  chamber  is  o.ioo  mm.  in  depth, 
its  cubic  contents  =  o.  I  X  (1^)2  ^  cubic  mm.  Hence  we  obtain  the 
following  formula  :  * — 

loxZ 
If  X  Q 

where  M  =  the  number  of  divisions  under  the  microscope,  Z  =  the 
number  of  cells  counted,  Q  =  the  cubic  contents  of  the  field  (Q  =  o.r  -^r 
W,  where  E  =  the  radius  of  the  field  in  mm.),  and  where  the  blood  is 
diluted  in  the  proportion  of  i  :  lo.  The  formula  wiU  give  us  the  number 
of  cells  contained  in  a  cubic  millimetre  of  undiluted  blood.  Where  the 
degree  of  dilution  is  i  in  lo,  and  where,  as  is  usually  convenient,  i6 
squares  are  taken,  from  the  general  formula  results  the  following  :— 

10,000  X  Z 
314  ' 

or,  if  the  degree  of  dilution  be  i  in  20,  the  squares  16— 

20,000  X  Z' 
314 

i.e.,  the  number  of  white  corpuscles  in  16  squares  (Z)  nmltipUed  by 
10,000  for  the  I  in  10  solution,  by  20,000  for  the  i  in  20  solution,  and 
divided  by  314,  gives  the  number  of  white  corpuscles  in  a  cubic  miUi- 
metre  of  blood. 

When  there  is  a  very  great  increase  in  the  number  of  leucocytes,  as 
in  leuktemia,  their  number  can  be  estimated  in  the  same  manner  as  that 
of  the  red  corpuscles,  and  the  relative  proportion  of  the  two  can  be  de- 
termined at  the  same  time  with  sufficient  accuracy,  if  only  an  adequate 
number  of  squares  is  taken  into  account.  Great  assistance  m  such 
experiments  may  be  derived  from  the  use  of  a  3  per  cent,  salt  solution 
coloured  with  gentian  violet,  in  which  the  leucocytes  are  stained,  and 
become  readily  discernible  from  the  red  blood-corpuscles,  which  are 
usually  somewhat  paler  than  normal.  Toison^'  employs  for  the  pur- 
pose a  staining  fluid  of  the  following  composition  :— 

.   .„  ■,      i  .      160  CO. 

Distilled  water   ^^^^ 

Glycerine      •  •'s  gi'ms. 

Sulphate  of  soda   ^^.^^ 

Chloride  of  sodium  002?  erm" 

Methyl-violet       .      •  •  ;  ^   ,  _ 

 r7r^;^i^7^ri;;^i^il^^^  inm.3  =  oubic  millimetre. 
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For  the  same  purpose,  Mayet^'-  recommends  that  the  blood  be  mixed 
with  perosmic  acid,  glj'ccrino,  ami  water,  which  is  said  to  confer  upon 
the  coloured  blood-corpuscles  a  beautiful  red  tint,  whilst  the  wliite  cor- 
puscles remain  unaffected  by  it. 

[(b.)  Gowers'  Hsemacytometer. * — This  instrument  is  the  most  commonly  used 
for  clinical  purposes  in  this  country.  "The  hsBmacytometer  (fig.  6)  consists  of: 
(i.)  A  small  pipette,  which,  when  filled  to  the  mark  on  its  stem,  holds  exactly  995 
cubic  millimetres.  It  is  furnished  with  an  india-rubber  tube  and  mouth-piece  to- 
facilitate  filling  and  emptying.  (2.)  A  capillary  tube  marked  to  contain  exactly 
5  cubic  millimetres,  with  india-rubber  tube  for  filling,  &c.  (3.)  A  small  glass  jar  in 
which  the  dilution  is  made.  (4.)  A  glass  stirrer  for  mixing  the  blood  and  solution 
in  the  glass  jar.  t  (5.)  A  brass  stage-plate,  carrying  a  glass  slip,  on  which  is  a  cell 


Fig.  6.-Gowers  Appar^itus.   A,  pipette  for  measuring  the  diluting  solution;  B,  capillary  tube 
for  measuring  the  blood;  C,  cells  with  divisions  on  the  floor,  n.ounted  on  a  slido  ■  D 
vessel  in  which  the  dilution  is  made  ;  E,  glass  stirrer  ;  F,  guarded  speai-pointed  needle! 

j  of  a  millimetre  deep.  The  bottom  of  this  is  divided  into  ,V  millimetre  squares. 
Upon  the  top  of  the  cell  rests  the  cover-glass,  which  is  kept  in  its  place  by  the 
pressure  of  two  springs  proceeding  from  the  ends  of  the  stage-plate  " 

The  method  of  employing  the  instrument  is  as  follows  :-The  diluting  solution 
used  is  a  solution  of  sodic  sulphate  in  distilled  water,  sp.  gr.  1025,  or  the  following  •- 


*  For  the  above  description  and  figure  we  are  indebted  to  Landois  and  Slirlin'iS 
Physiology,   vol.  i.  p.  5.    Fourth  edition. 

[t  In  practice  error  is  apt  to  arise  from  variation  in  the  depth  of  the  cell,  and  it  is 
not  easy  to  obtain  one  precisely  I  nun.  Assuming  that  the  same  instrument  is  always 
used  by  the  ob.server,  this  is  best  corrected  by  ascertaining  the  true  depth  and  allow- 
ing for  the  error  ,n  mi.xing  the  solution.  Suppose,  for  instance,  the  cell  is  found  to 
have  a  depth  of  .50  m  instead  of  200  5  parts  of  blood  siiould  be  added  to  945,  of 
the  di  uting  fluid,  instead  of  to  955.    The  results  so  obtained  will  be  absolutely  accu- 
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Sodic  sulphate,  104  grains;  acetic  acid,  i  drachm  ;  distilled  water.  4  oz.  "995 
cubic  millimetres  of  the  solution  arc  placed  in  the  mixing  jar ;  S  cubic  millimetres 
of  blood  are  drawn  into  the  capillary  tube  from  the  puncture  in  the  finger  and 
then  blown  into  the  solution.  The  two  fluids  are  well  mixed  by  rotating  the 
!Srer  between  the  thumb  and  finger,  and  a  small  drop  of  this  dilution  is  placed 
n  the  centre  of  the  cell,  the  covering-glass  gently  put  upon  the  cell,  ancl  secured 
by  the  two  springs,  and  the  plate  placed  upon  the  stage  of  the  microscope.  Tlie 
fen  ^  iin  focuLd  for  the  squais.  In  a  few  minutes  the  corpuscles  have  sunk 
lo  the  ^^oToi  the  cell,  and  L  seen  at  rest  on  the  squares.  The  -mber  in  ten 
squares  is  then  counted,  and  this,  multiplied  by  10,000,  gives  the  number  m  a 

^t~er ronB^  corpuscles  only,  mix  the  blood  with  ten  parts  of  0.5 
per  cent'olution  of  acetic  acid,  which  destroys  all  the  red  corpuscles  [^^a]. 

The  instruments  of  B^zzor.ero,  v.  Fleischl,  Henocque,  and  in- 
volve the  second  principle  to  which  aUusion  has  been  made,  viz.,  the 
estimation  of  the  quantity  of  hajmoglohin  in  the  blood. 

HedMs^^  instrument  for  measuring  corpuscles  in  bulk  (see  p.  40) 
apphcable  to  the  same  purpose. 

<;inre  they  may  find  a  practical  application  by-ana-by.     xne  1 
Importance  attLhes  to  L..'.-  observations  on  the  resistance  of  the  blood- 

■corpuscles. 

(c  )  Bizzozero's  Chromo-Cytometer  [According  to  Bizzozero  a  know- 
ledge of  the  number  of  coloured  blood-corpuscles  is  of  less  practica 
vate  han  to  know  the  quantity  of  hamoglobm,  and,  as  a  matter  of 
]^  t^Lnnt  of  the  latter  is  not  necessarily  in  direct  proportion  to 
theier  of  the  former.  Eor  the  purpose  of  estimating  il..  a.nount 
^ZorjloUn  Bizzozero  has  invented  a  small  practical,  and  handy 
instrument  which  he  caUs  a  chromo-cytometer    (fig.  7)- 

|™  sof  this  instrument  we  can  estimate  the  amoim  of  h.mo- 
1  1       nL  blood  and  it  can  be  used  either  as  a  cytometer  or  as  a 

to—  —  -'-'-^ 

.Jo  of  ruifferent  solution,  e.rj.,  normal  saline  solution  (0.75 
(1.50)       an  u  ^^^^^  corpuscles 

.gramme  0  ^o^l^^^'  tity  of  hemoglobin  is  estimated  by 

remain  intact  in  the  flu  d^    i     ^    J  ^^^^     ^  ^^^^  ^.^^^^ 

from  the  '™«t,,„3„t  as  a  ohron.omctev,  tl>c  blood  is  mixrf  ,viA 
I„  ,,smg  tho  mstmm  nt  as  a  ^^^^  te,,oglobin  from 

CZLir  TkI  r:;of  — bi,,  is        oa.c„la.d  fro.  tbe 
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thickness  of  tlie  layer  of  tliis  mixture,  -which  yields  a  colour  exactly- 
equal  in  intensity  to  that  of  a  red-coloured  glass  sujoplied  Avith  the 
instrument. 

The  chief  part  of  the  instrument  consists  of  two  tnhes  (ah,  cd),  work- 
ing one  within  the  other,  and  closed  at  the  same  end  by  glass  discs 
(figs.  7  and  8),  while  the  other  ends  are  open.  The  one  tube  can  be 
completely  screwed  into  the  other,  so  that  both  glasses  touch.  Con- 
nected with  the  outer  tube  is  a  small  open  reservoir  (r),  from  which  fluid 
can  pass  into  the  variable  space  between  the  two  glass  plates  at  the 
ends  of  the  tubes.  By  rotating  the  inner  tube,  the  space  between  the 
two  glass  plates  can  be  increased  or  diminished,  on  the  principle  of 
Hermann's  htematoscope,  and  the  screw  is  so  graduated  as  to  indicate 
the  distance  between  the  two  plates,  i.e.,  the  thickness  of  the  layer  of  fluid 
between  them.  Each  complete  turn  of  the  screw  =  0.5  mm.,  and  the  subdi- 
visions on  it  are  so  marked — 25  to  one  turn  (index,  fig.  7,  cd) — that  each 

subdivision  of  the  index  =  5!l5  =         mm.     When  the  inner  tube  is 

25 

screwed  home  and  touches  the  glass  disc  in  the  outer  tube,  the  index 
stands  at  o  on  the  scale.  If  the  instrument  is  to  be  used  merely  as  a 
cytometer,  these  parts  suffice;  but  if  it  is  to  serve  as  a  chi'omometer, 
the  coloured  glass  is  needed  also.  The  instrument  is  also  provided  with 
small  glass  thimbles  with  flat  bottoms,  containing  2  and  4  cc.  respec- 
tively ;  a  pipette  graduated  to  hold  J  and  i  cc,  and  another  pipette  for 
10  and  20  cmm.,  the  latter  provided  with  an  india-rubber  tube,  to  enable 
the  fluid  to  be  sucked  up  readily ;  a  bottle  to  hold  the  sahne  solution, 
and  a  glass  stirrer. 

^  Method  of  Using  the  Instrument  as  a  Cytometer.— 1.  By  means  of  the 
pipette  place  .5  cc.  of  normal  saline  solution  in  a  glass  thimble. 

2.  With  a  lancet  or  needle  puncture  the  skin  of  the  finger  at  the  edge 
of  the  nail. 

3.  With  the  pipette  suck  up  exactly  10  cmm.  of  blood,  observing  the 
precautions  abeady  indicated  at  p.  8.  Mix  this  blood  with  the  .5  cc.  saUne 
solution,  and  suck  part  of  the  latter  several  times  into  the  capillary  tube, 
so  as  to  remove  every  trace  of  blood  from  the  pipette.  Mix  the  fluids 
thoroughly.    Carefully  cleanse  the  pipette  with  water. 

4.  Pour  the  mixture  into  the  reservoir  (r)  of  the  instrument.  Gradually 
rotate  the  inner  tube,  and  as  the  two  glass  discs  separate,  the  fluid 
passes  into  the  space  between  them. 

5.  In  a  dark  room  light  a  stearin  candle,  place  it  at  a  distance  of 
metres,  and,  taking  the  instrument  in  the  left  hand,  bring  the  open  end 
of  the  tubes  to  the  right  eye.    With  the  right  hand  rotate  the  inner 
tube  to  vary  the  thickness  of  the  column  of  fluid,  and  so  adjust  it  until 
the  outlines  of  the  upper  three-fourths  of  the  flame  can  be  distinctly  seen 
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through  the  stratum  of  fluid.  Vary  the  position  of  the  inner  screAV  so 
as  to  determine  accurately  when  this  occurs.  Read  off  on  the  scale  the 
thickness  of  the  stratum  of  fluid. 

Ch-aduation  of  the  Instrument  as  a  C>jtometer.-ln  this  instrument 
the  graduation  is  ohtained  from  the  thickness  of  the  layer  of  blood 
itself  and  the  amount  of  hismoglohin  is  calculated  directly  from  the 
tHck'ness  of  the  layer  of  blood  which  is  necessary  to  obtain  a  certain 
optical  effect,  viz.,  through  the  layer  of  blood-corpuscles  to  see  the  out- 
lines of  a  candle-flame  placed  at  a  certain  distance. 

From  a  number  of  investigations  it  appears  that  in  healthy  blood  the 


Flo.  7.— General  view  of  tlie  instrument,  n,nd 
cd.  Two  tubes,  tlie  one  fits  inside  the  other ;  r. 
Reservoir  communicating  witli  the  space  oe- 
tween  c  and  b  when  al  is  screwed  ii>to  «6 
cr  Milled  head,  and  index-scale  to  the  lott  ot 
it ;  y  for  ast  of  fig.  9 ;  i".  Handle. 


Vic  8.— Showing  how  cd  fits  into  ab.  z  and 
/.  Plates  of  glass  closing  tlie  ends  of  ab  and 
cd ;  other  lettei  s  as  in  fig.  7- 


outlines  of  the  flame  of  a  candle  are  distinctly  seen  through  a  layer  of 
the  mixture  of  blood        mm.  m  thickness.  ^ 

Let  the  number  1:0  correspond  to  r,  or,  better  stiU  xoo  ^irts  of 
hemoglobin;  then  it  is  easy  to  calculate  the  relative  value  the  sub- 
T  •  •  o  nf  thP  =!cale  on  the  tube  of  the  instrument.  Let  g  -  tne 
"f  L"  normal  blood ;  that  for  the  blood  being  hives 
ig^edf.  amount  of  haemoglobin  in  the  former;  and      the  amount 

thickness  of  the  stratum  of  blood  is  constant,  so  that 


Then 


c y  =  c  g. 
9'- 
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Let  us  assume  that  the  blood  investigated  gave  the  number  180; 
then,  using  tlie  above  data  : — 


,    100. 1 10 

e  =  — 


180 


I  r,ooo 


61. r. 


The  blood,  therefore,  contains  61.  i  htemoglobin.  The  folloAving  table 
gives  the  proportion  of  haemoglobin,  tlie  normal  amount  of  hfemoglobin 


being  taken  as  =100 

Cytoroeter  Scale. 
1 10 

120 

130 

140 

150 

160 


HiBiTioglobin. 
.  100.0 
91.6 
.  84.6 

•  78.5 

•  73-3 
.     68. 7 


Cytometer  Scale. 
170 
i8o 
190 
200 
210 
220 


Hremoglobiii. 

•  64.7 
.  61.1 

•  57-9 
■  55-0 

•  52.4 
.  50.0 


//  tJie  instrument  be  used  as  a  cliromometer,  the  blood  is  mixed  with  a 
known  volume  of  water,  whereby  the  heemoglobin  is  dissolved  out  of 
the  red  corpuscles  and  the  fluid  becomes  transparent.    The  quantity 


ast 


Flo.  g. — Coloured  glass,  /,  in  a 
blackened  brass  screen,  I ;  ast. 
Stem  for  fixing  it  in  1/  of  fig.  7 ; 
sc.  Brass  tube  in  whicli  /'  is 
fixed;  this  is  used  wli  en  "the 
instrument  is  employed  as  a 
cliromometer. 


Fia.  10. — Instrument  seen  from 
above.  Letters  as  in  other 
figs.  (7,  8,  9). 

of  haemoglobin  is  calculated  from  the  thickness  of  the  stratum  of  fluid 
required  to  correspond  exactly  to  the  colour-intensity  of  a  tinted  glass 
which  is  attached  to  the  instrument.  The  colour-intensity  of  the  glass 
IS  that  of  a  defmite  solution  of  haemoglobin  (fig.  9,  /). 

To  use  the  Instrument  as  a  Chromometer.— i.  Place  the  coloured  glass 
with  Its  brass  frame  in  the  instrument  (ast  of  fig.  9  in  y  of  fig.  7). 

2.  Witli  the  necessary  precautions  (p.  10)  mix  10  cmm.  blood  with 
.5  cc.  distilled  water,  whereby  in  a  few  seconds  a  transparent  solution 
of  haemoglobin  is  obtained. 

3-  P<nir  this  solution  into  the  reservoir  (r),  and  rotate  the  inner  tube 
so  that  the  fluid  passes  between  the  two  glasses.  Direct  tlie  instrument 
towards  a  white  light  or  the  sky,  not  towards  the  sun,  and  compare  the 
colour  of  the  solution  with  the  standard  coloured  glass,  a  proceeding 
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which  is  facilitated  by  placing  a  milky  glass  between  the  source  of  light 
and  the  layer  of  blood  so  as  to  obtain  difiuse  white  light.  When  the 
two  colours  appear  to  have  as  nearly  as  possible  the  same  intensity,  read 
off  on  the  scale  the  thickness  of  the  layer  of  blood,  and  from  this  by 
means  of  the  accompanying  table  ascertain  tlie  corresponding  amount  of 
htemoglobin. 

This  is  done  in  the  same  way  as  for  the  cytometer,  but  the  graduation 
is  different,  as  in  the  one  case  we  have  to  do  with  a  candle-flame,  and 
in  the  other  with  a  coloured  glass. 

In  very  pronounced  cases  of  anemia,  even  with  a  layer  of  blood  6  ram. 
in  thickness— the  limit  for  which  the  instrument  is  constructed— the 
intensity  of  the  mixture  of  blood  may  be  less  than  that  of  the  coloured 
glass.    In  such  a  case,  instead  of  lo  cmm.  of  blood,  use  20  cmm. 

Graduation  of  the  Cliromometer.—Ks  the  coloured  glass  has  not  abso- 
lutely the  same  intensity  of  colour  in  all  chromometers,  one  must  first 
of  ail  estimate  the  colour-intensity  of  the  glass  itself.  This  is  most 
easHy  done  by  ascertaining  in  a  given  specimen  of  blood  what  degree 
of  the  cliromometer  corresponds  to  the  scale  of  the  cytometer  of  the 
same  blood. 

Suppose  that  a  specimen  of  blood  by  means  of  the  cytometer  gave  no, 
and  by  the  chromometer  140  ;  the  number  no  of  the  cytometer  =  100 
hEemocrlobin,  so  that  the  chromometer  number  140  must  also  be  =  100. 
With'the  aid  of  the  formula  (p.  16)  a  similar  table  can  be  constructed 
for  the  chromometer.  Suppose  the  blood  investigated  =  280 ;  then  by 
the  aid  of  the  formula  and  the  data  from  normal  blood  :— 

,_  100^140  __i4i000__ 
^  ~    280  280 

This  blood,  therefore,  contains  .50  parts  of  hEemoglobin. 

Example.— gives  130  with  the  cytometer  and  190  with  the 
chromometer ;  what  is  the  initial  number  of  the  chromometer  gradua- 
tion correspondmg  to  100  parts  of  hemoglobin? 

If  130  (cytometer)  corresponds  to  190  (chromometer),  then  no  cyto- 
meter {i.e.,  graduation  corresponding  to  100  parts  of  hsemoglobin)  corre- 
sponds to  X  chromometer  graduation  : 

i9o.iio_2o^9oo_^ 
i3o:i90=iio:a:.-.x^^j^^  

Blood  containmg  100  parts  lu^moglobin  will  correspond  to  160  of  the 
chromometer  scale,  and  beginning  with  this  number  as  a  basis,  Anth  tlie 
aid  of  our  formula  it  is  easy  to  construct  a  table  showing  the  relation. 

Whilst  the  value  of  the  cytometer  scale  remains  the  same  for  every 
instrument,  the  chromometer  scale  varies  with  each  instrument  as  the 
colour-intensity  ol  the  glass  is  not  necessarily  the  same  in  all.  But 
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it  is  easy  to  construct  a  scale  for  eacli  instrument  by  investigating  a 
specimen  of  blood  and  comparing  it  witli  the  cytometer  graduation  as 
indicated  in  the  foregoing  j^aragraph. 

Precautions  to  he  Observed  in  Using  the  Instrument. — In  using  the 
instrument  certain  precantions  must  be  observed.  The  exact  quantity 
of  the  several  fluids  must  be  caref uUy  jneasured ;  evaporation  must  l^e 
prevented  by  covering  the  blood-mixture.  Further,  do  not  look  at  the 
fluid  too  long  at  a  time,  as  the  eye  becomes  rapidly  fatigued. 

In  cases  of  leukaemia,  Avhere  there  is  a  large  nnmber  of  white  cor- 
puscles rendering  the  mixed  fluid  opaque,  the  corpuscles  may  be  made 
to  disappear  by  adding  a  drop  of  very  dilute  caustic  potash.  If  the 
opacity  does  not  disappear  by  the  addition  of  this  substance,  then  the 
opacity  is  due  to  the  presence  of  fatty  granules  in  the  blood,  so  that  by 
this  means  we  can  distinguish  lipfemia  from  leukaemia. 

Fiu-ther,  the  operation  must  be  carried  out  not  too  slowly,  as  the 
saline  solution  only  retards  the  coagulation  of  the  blood,  and  does  not 
arrest  it. 

Bizzozero  claims  that  when  the  instrument  is  used  as  a  cytometer 
the  mean  error  is  not  greater  than  0.3  per  cent.]  * 

Sadler,^^  working  in  the  author's  clinic,  has  found  that  Bizzozero's 
instrument  gives  very  accurate  results. 

(d.)  Von  Fleischl's  Haemometer. t—- The  appUcation  of  this  instru- 
ment (fig.  11)  depends  upon  the  principle  that  the  colour  of  the  blood 
diluted  with  water  may  be  compared  with  that  of  a  glass  M-edge  tinted 
with  Cassius's  golden-purple,  or  some  such  pigment. 

Its  essential  part  is  the  red  gLass  wedge,  which  is  mounted  movably 
beneath  a  platform  like  that  of  a  microscope,  with  a  circular  opening  in 
its  centre.  Upon  this  the  light  from  a  gas  or  oil  lamp  (daylight  is 
not  admissible)  is  projected  by  a  plate  of  plaster  of  Paris.  Above  tin- 
wedge,  and  exactly  over  the  circular  opening  in  the  platform,  is  fixed  a 
metallic  tube  il  cm.  long,  closed  at  the  bottom  with  a  plate  of  glass 
and  divided  by  a  vertical  metallic  partition,  so  that  one  half  of  the 
nietaUic  tube  receives  its  light  through  the  red  glass  wedge,  the  other 
directly  from  the  white  reflector,  men  the  apparatus  is  in  use,  the 
former  of  tliese  compartments  is  filled  with  pure  water,  tlie  other  witli 
water  mixed  with  a  known  quantity  of  blood. 

To  secure  this  known  quantity,  von  Fleischl  has  designed  an  auto- 
matic blood  pipette  of  such  a  capacity  that,  when  healthy  blood  is  used, 
the  resulting  mixture  corresponds  in  colour  to  that  derived  from  the 
part  of  the  red  gla.ss  wedge  whicli  is  marked  100.    From  tliis  point  to 

*  The  i.istrument  may  be  obtai.iod  from  F.  Koristk.i,  Via  Circo,  14,  Milan,  and 
costs  tliirty-five  lires. 

t  Von  Fleischl's  instrument  is  made  by  lidc/iert  of  Vienna,  and  sold  for  35  Horins. 
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its  sharp  edge  (where  o  stands),  the  Avedge  is  graduated  in  ten  divisions, 
which  represent  its  diminishing  thickness,  the  Nos.  90,  80,  &c.,  being 

marked  on  the  apparatus. 

The  instrument  is  employed  thus -.-The  Hood  is  obtained  from  a 
punct^ire  in  the  finger,  and  placed  by  means  of  the  pipette  the  proper 
compartment  of  the  tube.  Both  compartments  are  then  filled  with 
water,  and  the  red  glass  wedge  is  .moved  until  the  two  fluids  show  an 
equal  intensity  of  red  colour.  The  number  indicated  on  the  scale  is  then 
read  off.    Suppose  this  should  be  80,-then  the  blood  examined  con- 


tains but  80  per  cent,  of  the  normal  proportion  of  lu^moglobin,  or  the 
l--globin  is  to  that  of  heathy  Uo^^o.  1 00. 

:r=^r::r^^Ti^:^^^ 

lutely  for  the  specimen  examined  by  means  of  the  formula . 

14  X  J2 

100   . 


  ,  f  , .  „  nfr  ceut     14  is  taken  here  (as 


h]5nocque's  h^matoscope. 


Where 

X  =  the  quantity  of  hfemoglobin  in  loo  gnus  of  blood ; 

K  =  the  figure  obtained  witli  von  Fleischl's  apparatus  to  express  the 

relative  proportion  of  htenioglobin  in  the  blood ;  and 
14  =  the  normal  quantity  of  lisemoglobin  in  the  blood  of  a  healthy 

adult.* 

Although  it  must  be  conceded  that  the  results  obtained  with  this 
instrument  are  not  absolutely  correct,  it  still  supplies  a  simple  and 
ready  means  of  estimating  the  hgemoglobin  in  the  blood,  and  has  the 
further  advantage  that  it  needs  but  little  of  the  latter  to  work  upon. 
It  has  proved  a  useful  adjunct  to  the  Thoma-Zeiss  apparatus,  or  that 
of  Gowers,  in  the  investigation  of  changes  in  the  blood  for  clinical 
23urj)oses.^i 

(e.)  H^nocque's  Hsematoscope.^^ — This  instrument  has  the  advantage 
over  others  employed  for  a  similar  purpose,  that  while  comparatively 


Fig.  12. — Section  of  Hiumatoscope. 


Fig.  13.— Htinocqiie's  Hasmatoscope  filled  with  Blood. 


httle  fluid  is  needed  for  its  application,  this  consists  of  pure  blood 
undiluted  with  artificial  serums. 

It  consists  essentially  of  two  glass  plates  superimposed  iii  such  a 
manner  as  to  enclose  a  prismatic  capillary  space.  The  inferior  of  these 
plates  is  the  broader.  Upon  the  upper  part  of  its  surface  is  engraved 
a  millimetre  scale,  o  to  60,  reading  from  left  to  right,  and  at  eitlier 
extremity  it  carries  a  cap  of  nickelled  metal,  in  whicli  is  a  groove  for 
the  reception  of  one  end  of  the  smaller  (upper)  plate.  These  grooves 
are  so  placed  that  whilst  the  plates  are  in' immediate  contact  at  one  end, 
that  opposite  o  of  the  scale,  they  are  separated  at  the  other  by  an  in- 
terval of  0.3  mm.  The  smaller  plate  can  be  made  to  slide  in  the  grooves 
under  gentle  pressure,  and  can  thus  be  removed  for  the  purpose  of  clean- 

*  This  number  is  chosen  here  .so  as  to  nffoi  d  a  basis  of  comparison  between  the  results 
obtamed  with  v.  Fleischl's  instrument  and  thoso  with  Hdnocque's,  which  will  be 
described  presently. 
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inc.  tlie  instrument.  From  the  above  description  it  will  he  seen  that  a 
layer  of  hlood  introduced  within  the  capillary  chamber  has  a  thickness 
varying  uniformly  from  o  on  the  left  to  0.3  mm.  under  the  mark  60 
on  the  graduated  scale  ;  and  it  also  follows  that  its  depth  increases  by 
o  00  ^  mm.  for  every  mm.  distance  towards  the  right.  Thus  its  depth 
at  any  point  may  be  known  by  multiplying  the  corresponding  figure  on 
the  scale  by  five;  when  the  result  is  expressed  in  thousands  of  a  milh- 

metre  or  micron.  ,    .     n  i       •  1  ■  „ 

The  prismatic  chamber  is  fiUed  with  blood  obtamed  by  pricking  the 
fincer,  and  this  is  done  best  by  bringing  the  lower  lamina  on  a  level 
with  the  puncture  and  permitting  the  issuing  drops  to  flow  upon  it  at  a 
aentle  decHne.  The  blood  wiU  then  arrange  itself  in  an  even  layer,  an.l 
tf  its  contmuity  be  interrupted  by  empty  spaces  or  air-biO^bles,  these  can 
be  extruded  by  sUghtly  tapping  the  glass  wall  with  the  fiy--l- 
drops  generally  suffice.  The  edges  of  the  instrument,  when  fiUed,  are 
Aviped  clean,  and  the  examination  may  be  hegun. 

This  is  conducted  in  two  different  ways  :—  ■,   ■     1  1 

(a  )  The  first  (procede  diaplmnomStrique),  the  readier  and  simpler,  Ms 
for  its  object  to  estimate  the  relative  opacity  of  the  blood,  and  so  to  infer 
the  proportion  of  hajmoglobin  which  it  contains. 

For  this  purpose  there  is  supphed  with  the  h^matoscope  a  plate  of 
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iViG.  i4.-Ea.amelled  Plate  belonging  to  the  Ha^matoscope. 

.vhite  enameUed  metal,  bearing  on  its  upper  part  a  f^'^^^ 
cisely  similar  to  that  engraved  npon  the  lower  of  the  two  g^^ss  Pkt  ' 


henocque's  h.-ematoscope. 


point  will  l3e  attained  the  sooner  according  as  the  blood  is  richer  in 
haemoglobin. 

Farther,  Ileuocque  has  arranged  the  series  so  that  the  second  figure 
(14)  expresses  in  grnis.  the  quantity  of  oxy haemoglobin  in  100  grms.  of 
blood,  and  this  figure  terminates  the  series  as  seen  through  a  layer  of 
blood  of  normal  constitution.  With  blood  taken  from  a  case  of  anasmia, 
on  the  other  hand,  the  figure  8  or  7  may  be  legible,  and  this  implies 
that  such  blood  contains  in  100  gi-ms.  only  8  or  7  grras.  of  oxy  haemo- 
globin. Finally,  the  thicluiess  of  the  stratum  of  blood  at  the  point  of 
requisite  opacity  may  be  ascertained  from  the  mm.  scale  in  the  manner 
already  indicated.* 

■  Hellstrom,  Loos,^'^  and  the  author  have  satisfied  themselves  that  the 
results  obtained  in  this  way  are  not  to  be  relied  upon,  and  that  the 
figiues  generally  indicate  too  high  a  proportion  of  oxyhaemogiobin. 

(/?.)  In  the  second  and  more  accurate  mode  of  using  the  haematoscope 
the  enamelled  plate  is  dispensed  with,  and  a  Browning's  spectroscope  is 
required.  The  instrument,  filled  with  blood  as  before,  is  placed  opposite 
the  cleft  of  the  spectroscope,  and  the  point  is  observed  at  which  the 
characteristic  spectrum  of  oxyhaemoglobin  is  first  distinctly  formed, — 
when  the  corresponding  point  on  the  millimetre  scale  of  the  glass  plate 
is  read  off'.  The  less  haemoglobin  in  the  blood,  the  thicker  must  be  the 
layer  from  which  a  spectrum  is  obtained.  In  order  to  secure  a  correct 
reading  from  the  scale,  it  is  weU  to  place  the  apparatus  holding  a  stratum 
of  blood  upon  a  sheet  of  white  paper  against  a  window  so  as  to  examine 
it  by  bright  and  diffused  daylight,  and  then  directing  the  spectroscope 
over  I  or  2  cm.  of  its  surface,  the  observer  should  several  times  judge 
for  himself  concerning  the  point  of  earliest  definition  of  the  spectrum. 
Of  the  numbers  obtained  in  this  Avay  (which  will  usually  differ  by  an 
amoimt  expressing  only  two  or  three  millimetres)  the  mean  is  taken, 
and  employed  for  the  purpose  of  the  calculation.  It  must  be  allowed 
that  the  conclusion  in  this  respect  is  always  somewhat  arbitrary,  and 
leaves  room  for  a  difference  of  opinion  as  to  when  precisely  the  spectrum 
IS  formed ;  but  once  the  eye  has  become  accustomed  to  look  for  a  certain 
clearness  in  the  outline  of  the  bands,  it  seeks  for  and  easily  appreciates 
it  in  every  instance.! 

From  the  reading  on  the  scale  at  the  point  where  the  sijectrum  is 

[Henocque's  hfcinatoscope  may  be  obtained  from  M.  Lutz,  82  Boulevard  Saint- 
Germain,  Paris.  The  price  is  12  francs,  and  the  enamelled  plate  costs  1;  francs 
additional.— (Ed.)] 

t  [This  difficulty  may  be  further  obviated  by  the  use  of  Henocque's  double 
spectroscope,  by  means  of  which  two  persons  are  enabled  to  make  the  observation 
at  once.  For  a  description  of  this  instrument  the  reader  is  referred  to  the  original 
communication,  "  L'Hdmato-spectroscope."  Compt.  Eend.,  Soc.  de  Biologie,  October 
1 886.] 
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thus  seen,  the  thickness  of  the  blood  stratum,  and  the  quantity  of 
oxyhfemoglobin  in  a  known  quantity  of  blood,  can  be  readily  deter- 
mined. In  the  ca^e  of  normal  blood,  which  contains  14  grms.  of  oxy- 
hfemoglobin  in  100  grms.  of  the  fluid,  the  absorption-bands  are  plainly 
visible  in  the  situation  of  the  figure  14  on  the  mm.  scale  ;  and  from  what 
has  been  already  said  it  follows  that  the  thickness  of  the  blood  stratum 
at  this  point  is  14  x  0.005  mm.  =  0.07  mm.  Let  it  be  assumed  now  that 
in  a  given  case  the  bands  just  become  distinctly  evident  at  a  point  cor- 
responding to  the  division  20  on  the  index ;  then  the  thickness  of  the 
layer  which  yields  them  is  20  x  0.005  =  o.i  mm.  From  these  data  the 
quantity  of  oxyhemoglobin  in  100  grms.  of  the  blood  may  be  calculated 
by  the  follomng  equation  : — 

X  :  14  =  0.07  : 0.005.1/ 
14x0.07 

«=  . 

0.005.1/ 

In  this  formula : 

X     =  the  quantity  of  oxyhsemoglobin  sought. 

14    =the  quantity  of  oxyhemoglobin  in  100  grms.  of  healthy  blood. 
0.07  =  the  thickness  of  the  blood  stratum,  which  will  make  the  absorp- 
tion-bands plainly  evident  where  the  blood,  as  in  normal  blood,  holds 
14  grms.  oxyhsemogiobin  in  100  grms.  of  the  fluid. 

o°oo5  =  the  thickness  of  blood  stratum  corresponding  to  i  mm. 
y  =  the  number  of  mm.  read  off  at  the  point  where  the  absorption-bands 
become  distinctly  visible.    From  this  results  the  simple  expression  : 

14  X  0.07  _  196 


In  the  example  chosen 


^     0.005.2/  y 


2/  =  20--   20 -9-^' 


i.e.,  the  blood  investigated  contained  9.8  grms.  of   hemoglobin  in 

100  grms.  r.    1   •  1 

To  obviate  the  necessity  for  making  the  calculation  afresh  m  each 
case  IWnocque  has  compiled  a  table  from  which  the  quantity  of  hemo- 
globin may  be  deduced  directly  from  the  depth  of  the  blood  stratum. 

Comparisons  which  the  author  has  instituted  between  the  results 
arrived  at  in  this  way  with  others  derived  by  means  of  v.  Fleischl  s  ap- 
paratus, have  shown  that  the  two  are  sufficiently  in  accord.  He,mhen,- 
however,  is  of  opinion  that  the  latter  are  more  accurate,  and  accounts 
for  this  by  pointing  out  that  they  are  obtained  from  oxjdiemoglobin, 
whereas  with  H^nocque's  hematoscope  that  body  is  still  withni  the  cells. 

The  preference  will  usually  be  given  to  FleischVs  apparatus,  because 
of  the  greater  quantity  of  blood  needed  for  the  application  of  Hdnocques 
hematoscope;  but  the  latter  is  especially  suitable  for  the  observation 
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of  such  changes  in  the  blood  as  the  formation  of  mcthsemoglobin,  (fee, 
■\vliicli  can  be  recognised  by  spectrum-analysis.  To  detect  sucli  clianges,. 
Henocque  has  applied  it  in  a  very  ingenious  manner.  He  observed  the 
development  of  oxyhsemoglobiu-bands  in  transparent  parts,  such  as  the 
lobe  of  the  ear  and  the  ungual  phalanges  of  the  finger,  capable  of  being^ 
ilhnninated  by  diffuse  sunlight.*  Then,  in  the  case  of  the  ungual 
phalanx,  the  part  was  ligatured,  and  he  noted  the  length  of  time  required 
for  the  appearance  of  the  broad  absorption-band  of  reduced  hfemoglobin. 
Proceeding  in  this  Avay,  he  found  that  with  a  normal  proportion  of  oxy- 
hsemoglobin,  reduction  took  place  in  the  course  of  70  seconds,  while 
with  anaemic  blood  the  interval  was  shortened  to  30-40  seconds. 

As  a  result  of  his  researches,  Henocque.  has  arrived,  at  tlie  following  formula, 
which  is  applicable  to  clinical  purposes  : 


where 

E  =  the  energy  of  reduction  ; 

M^the  mean  proportion  of  hsemoglobin  ascertained  by  his  method  ; 
D=the  time  in  seconds  in  which  reduction  is  accomplished.™ 

The  formula  is  derived  from  the  following  considerations  : — In  a  specimen  of 
blood  holding  14  grms.  oxyhajmoglobin  in  100  grms.,  reduction  takes  place  in  70 
seconds,  and  in  another  holding  13  grms.  in  100,  it  takes  place  in  65  seconds. 
Inspection  of  the  figures  shows  that  in  both  cases  a  fifth  part  of  the  quantity 
of  oxyhoemoglobin  (in  100  grms.)  is  reduced.  Hence,  to  obtain  the  value  of  E 
(energy  of  reduction),  the  quantity  of  oxyhEemoglobin  found  is  multiplied  by  5, 
and  the  product  divided  by  the  number  expressing  the  time  (in  seconds)  in  which 
reduction  takes  place.  Experiments  are  now  in  progress  under  the  author's 
supervision  which  have  for  their  object  to  ascertain  how  far  this  method  of  in- 
vestigation may  be  of  use  in  diagnosis.  The  apparatus  may  be  employed  also 
for  the  examination  of  milk,  in  the  spectrum-analysis  of  urine  and  morbid  fluids, 
and  for  the  anihne  dyes  of  so  much  consequence  in  staining  processes.  It  seems 
to  merit  a  description  here  on  account  of  its  extended  utility  ;  and  in  any  case, 
in  connection  with  the  spectroscopic  examination  of  the  blood,  it  must  be  classed 
with  the  apparatus  of  Thoma-Zeiss,  Gowers,  and  v.  Fleischl  as  a  valuable  addi- 
tion to  our  resources. 

(/.)  Hedin's  Haeniatocrite,5«— This  instrument  is  of  great  value. 
It  enables  one  readily  to  estimate  the  volume  of  the  red  blood-corpuscles. 
Its  parts  are  :  (i.)  A  capillary  tube  for  measuring  and  mixing  the  blood. 
Hedin  uses  a  special  contrivance  for  this  purpose,  but  the  mixing-glass 
noticed  on  p.  1 1  for  counting  leucocytes  serves  equally  well.  To  prevent 
coagidation  Hedin  sucks  Mliller's  fluid  into  the  tube  and  then  blood  in 
equal  quantities.  These  are  then  expelled  into  a  small  platinum  dish 
and  well  mixed.  Dcdand,^'  in  the  author's  clinic,  has  found  that  a  2.5 
per  cent,  solution  of  bichromate  of  potash  ans\vers  best. 

*  [In  resenrches  of  this  cliaracter  the  double  spectroscope  is  specially  recommended 
by  Henocque.'] 


26 


THE  BLOOD. 


ion" 


with  a  lumen  i  mm.  in  diameter 


(2.)  Two  glass  tubes,  35  mm. 
xind  graduated  into  50  parts. 

(3.)  A  metallic  frame,  terminating  at  either  side  in  an  angle  to  sup- 
port a  small  cylindrical  recess,  of  the  same  diameter  as  the  tubes  (2.), 
and  covered  with  a  caoutchouc  disc.  From  the  middle  of  this  metallic 
frame  there  projects  downwards  a  hollow  metal  cylinder,  by  means  of 
which  it  can  be  made  to  rotate  on  a  vertical  axis  (fig.  15).  Connected 
with  the  central  cylinder  are  two  metallic  springs,  placed  opposite  each 
other,  and  carrying  each  at  their  upper  ends,  on  a  level  with  the  recesses 


Fio.  15.— Hediii's  Hrematocrite. 

mentioned  above,  a  caoutchouc  cap.    Between  the  recess  and  this 
caoutchouc  cap  on  either  side  is  placed  one  of  the  glass 
•previously  been  filled  with  the  mixture  of  blood  and  MuUers  fluid 
or  bichromate  solution).    In  this  position  the  tubes  are  closed  by  the 
caoutchouc  cap,  which  is  held  against  them  by  the  pressure  of  the  springs. 

(a  )  A  vertical  support  which  can  lie  made  to  rotate. 

The  instrument  is  used  thus :  With  Hedm's  capillary  tube,  or  the 
mixer  for  estimating  leucocytes,  a  mixture  is  made  of  blood  and  a  2  5 
per  cent,  solution  of  bichromate  of  potash,  and  with  this  the  tubes  a 
filled  by  plunging  one  end  in  the  fluid,  which  is  then  drawn  into  the 
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tube  by  the  moutli  applied  to  a  piece  of  iiidia-nibbcr  tubing  attached  to 
the  otlier  end.  The  tubes  being  filled  in  this  way  are  placed  in  position 
in  the  frame — the  extremity  towards  the  recess  of  the  frame  being  first 
adjusted,  and  the  caoutchouc  caps  of  the  springs  being  then  made  to 
press  on  the  other  extremity.  The  frame  is  then  attached  by  its 
vertical  cylinder  to  the  body  of  the  instrument  and  made  to  rotate 
rapidly.  The  red  corpuscles,  in  virtue  of  the  centrifugal  action,  sepa- 
rate from  the  leucocytes  and  serum.  After  50-70  seconds  (where  the 
biclu'omate  solution  is  used)  the  volume  of  the  layer  of  red  corjDuscles 
remains  constant.  The  contents  of  the  tubes  are  then  arranged  in  three 
parts ;  at  the  distal  end  are  collected  the  red  corpuscles,  forming  a 
dense  dark-coloured  mass ;  next  in  order  a  small  turbid  band,  con- 
sisting of  leucocytes,  and  in  health  of  a  whitish  colour ;  finally,  the  clear 
serum,  which  is  coloured  a  bright  yellow  by  Miiller's  fluid.  To  guard 
against  error,  a  sheet  of  white  paper  is  placed  behind  the  tubes,  and  the 
volume  of  the  red  corpuscles  is  read  off  on  the  scale.  The  corresponding 
number  multiplied  by  four  gives  the  volume  of  red  corixiscles  in  one 
hundred  parts  of  blood,  as  will  appear  from  the  following  considerations. 
The  volume  of  red  corjuiscles  as  read  upon  the  scale  is  that  contained  in 
a  mixture  of  equal  parts  of  blood  and  bichromate  solution,  forming  a 
column  35  mm.  long  and  divided  into  50  equal  parts.  The  proportion 
of  corpuscles  in  i^ure  blood  would  be  twice  as  great,  and  in  100  parts 
(instead  of  50)  again  twice  as  great ;  therefore  the  percentage  bulk  may 
be  expressed  l^y  the  figure  read  off  the  scale  multiplied  by  4. 

The  description  given  lieve  applies  to  an  instrument  furnished  by  Sendling 
Sandstrom  of  Lund,  in  Sweden,  and  differs  somewhat  from  that  published  by 
L'cdin  himself. 

This  method  is  very  serviceable  in  discriminating  between  the  various 
diseases  which  afi"ect  the  blood,  and  it  may  be  used  in  part  to  replace  the 
more  difficult  processes  for  counting  the  corpuscles.  It  may  be  substi- 
tuted for  these  in  conditions  where  the  relative  bulk  of  the  red  corpuscles 
depends  only  upon  their  number,  and  not  also  (as  in  many  diseases,  e.g., 
pernicious  anajmia)  upon  their  size.  As  to  hoAV  far  the  results  obtained 
in  this  way  tally  with  those  arrived  at  by  counting,  and  under  what 
circumstances  the  one  method  may  supersede  the  other,  the  reader 
should  consult  Daland's  notice.  In  the  same  Avay  it  is  possiljle  to 
estimate  approximately  the  relative  proportion  of  red  corpuscles  and 
leucocytes,  as,  for  instance,  in  certain  cases  of  persistent  leucocytosis. 
Observations  made  within  the  last  year,  in  three  cases  of  leukaemia, 
have  satisfied  the  author  that  the  method  suffices  to  determine  the 
defective  state  of  the  blood  in  tliat  disease.  Further,  it  can  bo  applied 
to  the  purpose  of  studying  the  leucocytes  in  the  blood,  and  for  the 
detection  of  micro-organisms  therein. -'S 
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2.  Leucocytosis. — By  this  term  is  meant  a  condition  in  which  tlie 
number  of  white  corpuscles  in  the  blood  is  temporarily  much  increased. 
Such  an  increase  occurs  in  health  as  part  of  the  process  of  digestion.^''* 
One  to  two  hours  after  the  principal  meal  the  ^hite  corpuscles  are 
found  in  the  blood  in  the  proportion  of  i  :  150  or  even  i  :  100  of  red 
corpuscles,  diminishing  soon  after  to  i  :  350  or  600,  or,  according  to 
Grdher,^^  between  i  :  521  and  821.    A  great  number  of  observations, 
conducted  in  the  author's  clinic,  give  the  proportion  to  leucocytes  of  red 
corpuscles  as  i  :  500-800     in  healthy  adults.    iZemec/ce's    figures  are 
I  :  720.«3     In  new-born  children  the  condition  is  diff"erent  {Schiffy^^ 
In  the  first  three  days  of  life  the  number  of  white  corpuscles  is  very 
great,  and  after  that  they  diminish,  as  also  do  the  red  corpuscles,  till  the 
proportion  is  i  :  188— i  :  168.    Much  greater  degrees  of  leucocytosis, 
which  for  the  most  part  is  transitory,  are  found  in  disease.  Virclww 
maintains  that  every  affection  in  which  the  lymphatic  glands  are  involved 
leads  to  this  condition.    It  invariably  accompanies  croupous  pneumonia 
(Tumasy^     The  author  has  never  failed  to  find  it  in  the  croupous 
pneumonia  of  children.     V.  Limbeck  and  Pick  confirm  this.   The  former 
observes  that  it  always  foUows  exudation  processes,  and  he  proposes  to 
give  tliis  form  the  name  of  inflammatory  leucocytosis.    [F.  Jakscli^'  has 
quite  lately  observed  that  the  prognosis  in  cases  of  acute  pneumonia 
running  its  course  without  an  increase  in  the  number  of  white  blood 
ceUs  is  very  imfavourable.]    Leucocytosis  does  not  ari-e  from  typhoid 
{v.  lAvibecky^  but  may  occur  in  its  course.    When  it  does  so,  it  seems 
to  point  to  a  complication  with  some  suppurative  disorder  {Sadler^- 
The  condition  occurs  in  connection  with  certain  tumours,— sarcoma 
(Sadler)     in  pernicious  anemia  and  chlorosis,  and  regularly  m  the 
reaction  stage  resulting  from  the  injection  of  Koch's  fluid."" 

Leucocytosis  can  be  readily  diagnosed  with  a  little  practice  by  means 
of  the  microscope  alone.  For  the  more  precise  estimation  of  its  degree 
the  Thoma-Zeiss  instrument  may  be  used.  It  is  necessary,  above  ail 
thin-s,  that  the  blood  examined  should  not  be  rich  in  digestion-pro- 
ducts, and  on  this  account  it  should  not  be  taken  until  some  hours 
after  a  meal.  It  is  important  to  be  able  to  recognise  a  pathological  leuco- 
cytosis. Its  presence,  taken  in  conjunction  with  the  clinical  symptoms, 
will  often  serve  to  clear  up  the  diagnosis  of  diseases,— as,  for  mstance, 
osteomyelitis,-which,  without  its  light,  would  be  very  obscure  ' 

3.  Leuk^mia.-This  condition,  when  well  marked,  may  be  recog- 
nised from  the  naked-eye  characters  of  the  blood  (Virclmc),- vc\noh, 
when  allowed  to  flow  from  the  finger,  is  light  red  in  colour  and  some- 
what turbid  and  greasy,  as  though  loaded  with  fatty  matter. 

The  reaction  of  the  blood  is  alkaline  {Mosler)'^  not  ^^^^  as 
formerly  thought,  but  its  alkalinity  is  often  considerably  less  than 
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normal  (c.  Ja/csch).  Microscopical  examination  shows  an  enormous 
increase  in  tlie  nvimber  of  Avhite  corpuscles  [J.  TI.  Bennett^.  Virchow 
Iras  found  them  in  the  ijrojjortion  2  ;  3  of  red  corpuscles ;  J.  Vor/l,  i  :  3 
to  1:2;  Sclireiber,  2  : 3.''^  In  five  cases  recently  treated  in  Nothnagel's 
clinic,  the  proportion  was  1:3,  1:5,  1:8,  i  :  11,  1:12  {Gottlieb). 

In  a  typical  case  of  leukfemia  observed  by  the  author  in  a  child  of 
sixteen  months,  the  figures  were,  i  :  40,  i  :  50,  and  i  :  18  ;  ""^  and,  in  two 
other  cases  they  were  respectively,  i  :  23,  i  :  20,  1:17,  1:12,  i  :  10,  and 
I  :5.7,  I  :2.s. 

Another  notable  characteristic  is  the  diminution  of  the  cellular 
elements  of  the  blood  in  general.  In  the  cases  recorded  above,  their 
number  fell  to  2-3  millions  in  the  cubic  millimetre  of  blood.  By  the 
last  examination  in  the  child  of  sixteen  months  it  was  shown  to  ha 
2,440,000."" 

The  amount  of  haemoglobin  in  the  blood  is  usually  diminished  in 
leukaemia.    In  the  case  of  the  child  recorded  above  it  was  shown  by 


Fig.  i6.— LeukEBinic  Blood  from  a  case  of  Lyniphatico-splenio  Leukaemia  (eye-iiieee  IIL, 

objective  8a,  Jieichert). 

V.  Fleisclil's  haemometer  to  be  6.4  grms.,  and  sank  with  the  progress  of 
the  disease  to  3.7  gi'ms.  In  two  other  instances  it  was  respectively 
4.9 — 5-6  grms.  and  1.2  grm. 

It  is  important,  further,  to  determine  Avluit  is  the  prevalent  character 
of  the  leucocytes  present  in  the  blood.  By  observing  this,  the  author 
believes,  in  spite  of  Bizzozero's  "  assertion  to  the  contrary,  that  it  is 
possible  to  ascertain  with  what  form  of  the  disease  we  have  to  deal.  It 
is  usual  to  distinguish  leukemia  as  splenic,  lymphatic,  and  myelogenic, 
according  to  the  anatomical  seat  and  clinical  symptoms  of  the  disease, 
although  probably  an  instance  of  true  myelogenic  leukajmia  has  not  yet 
been  observed.*    [The  existence  of  a  myelogenic  leukeemia  is  not  recog- 

*  Several  years  ago,  the  author  had  under  observation  in  Professor  Nothuagel's 
chmc  a  case  of  nephritis  in  which  the  blood  contained  leucocytes  of  great  size  and 
w.th  unusually  large  nuclei,  their  proportion  to  tlie  red  corpuscles  (as  determined  by 
a  smg  e  examination)  being  as  i  :  50.  The  autopsy  revealed,  in  addition  to  chronic 
nephritis,  changes  in  the  medulla  of  the  bones,  like  those  described  by  Neumann  in 
connection  with  leukaemia. 
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uiscd  by  Hai/eui.'^  Gowers'^^  left  the  question  open.  Since  he  wrote, 
a  case  of  undoubted  myelogenic  leukeeniia  has  been  described  by  Dr. 
Wallace  Bealtij^^  of  Dublin.] 

When  large  and  small  leucocytes— the  latter  prcponderatmg— are 
found  in  the  blood,  the  leukeemia  is  of  a  lymphati co-splenic  character. 
When,  OA  the  other  hand,  the  larger  cells  alone  are  found,  avc  are 
justified  in  concluding  that  the  disease  is  splenic,  with  but  little  in- 
volvement of  the  lymphatic  glands  or  marrow.  If  many  corpuscles  of 
a  transitional  form  are  found,  nucleated  red  cells,  and  especially  large 
white  multmuclear  corpuscles,  there  remains  no  doubt  that  the  bone- 
marrow  is  the  seat  of  serious  changes,  and  the  disease  is  of  the  myelogenic 
type.si  [Large  and  smaU  leucocytes  are  found  in  every  case  of  leuksemia. 
The  smaller  are  most  numerous  in  cases  of  moderate  severity.  When 


F,o  x7  -Eosinophil  Ceils  from  Leuk=Bmic  Blood  (eye-piece  III.,  objective  Zeiss  A,  Komo- 
^'  geneous  immersion  ;  Abhc  s  mirror). 

tl,n  disease  tends  rapidly  to  n  fatal  ending,  very  large  hyijertroiAied 
« y  e  and  even   iant  cells  occnr  (Haym.--    See  also  para„™ph  o.> 
ZU:^  mfantnnr  below).    Deviations  from  the  normal  m  sue  are  as^o- 
vith  a  loss  of  contraetiUty.    The  very  large  le„eoey.»s,  and  . 
The  smaUest  fail  to  exhibit  amashoid  movements.    Arrother  l>ecnl,aut> 
nHcTbv  is  the  fact  that  the  lencoeytes  in  this  disease  contain 

"ro^S  more  commonly  than  they  do  in  health,]-  By  means 
of  fte  staintag  processes  noticed  at  p.  3.  the  varrnns  forms  of  lentam.a 
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seen,  them  in  freshly-drawn  blood.  It  may  be  that  they  form  only  in 
blood  that  has  been  allowed  to  stand.S''  Pnis  ^'^  has  observed  them  in  the 
freshly -shed  blood,  and  Westphal  in  the  living  tissues  of  leuksemic 
patients.* 

It  should  also  be  mentioned  that  the  red  blood-corpuscles  commonly 
undergo  changes  of  form  in  leuktemia,  a  condition  Avhich  first  received 
the  name  of  Poikilocytosis  from  Quinclie. 

An  advanced  stage  of  leukaemia  is  readily  recognised  by  the  aid  of 
the  microscope,  but  it  is  by  no  means  easy  to  distinguish  between 
commencing  leuksemia  and  a  pronounced  leucocytosis ;  and  this  is  a 
task  which  the  physician  -will  often  have  to  undertake.  Magnus  Huss 
and  others 90  employ  the  term  "leukaemia"  only  when  the  white  cor- 
puscles are  in  a  proportion  not  less  than  i  :  20.  That  the  diagnosis  of 
leukaemia  cannot  be  made  to  depend  upon  this  fact  alone,  however,  is 
sufficiently  proved  by  the  author's  investigation  of  cases  of  anasmia  in 
children,  where  the  proportion  of  leucocytes  to  red  corpuscles  was  as 
1:12,  1:17,  and  I  :  20.^1  In  another  case  where  the  patient  was  an 
adult  the  proportion  stood  at  i  :  8.1,  and  yet  the  condition  was  not  one  of 
leuksemia.^^ 

We  are  indebted  to  P.  Ehrlicli  for  an  excellent  means  by  which  we 
may  recognise  an  early  stage  of  leukasmia.  By  observing  the  "  granules  " 
present  in  the  protoplasm  of  the  Avhite  corpuscles,  he  found  that  these 
uniformly  exliibited  remarkable  differences  in  their  staining  properties- 
differences  which  have  both  a  physiological  and  a  pathological  signi- 
ficance. Upon  this  basis  he  distinguishes  five  several  varieties  of  what 
he  caUed  "granules,"  classing  them  as  a  to  e  granules.  In  all  cases  of 
acute  leucocytosis,  the  mono-  and  poly-nuclear  forms  which  furnish  the 
e  granules  are  alone  increased  in  number,  whilst  the  «  granules— which 
are  also  styled  "  eosinophil,"  from  their  property  of  taking  up  eosin— 
are  apparently  fewer.  Precisely  the  reverse  of  this,  again,  obtains  at 
the  beguuung  of  leuktemia,  and  the  fact  provides  us  with  a  good  means 
of  diagnosing  that  condition  in  its  early  stage.  The  method  of  examina- 
tion IS  as  foUows :— The  blood  is  spread  in  a  very  thin  layer  between 
two  cover-glasses,  which  are  then  grasped  with  forceps,  dried  in  an 
exsiccator,  and  heated  upon  plates  of  copper  foil  (for  this  purpose  a  dry- 
ing chamber  for  temperatiu^es  beyond  100°  C.  will  serve  very  wellf)  for 
a  considerable  time  (10  to  12  hours)  at  120-130°  C.  A  drop  of  con- 
centrated eosin-glycerine  solution  is  then  added  to  the  preparation,  the 
colourmg  matter  is  washed  off  with  water,  and  the  preparation  dried,  an<l 
examined  in  Canada  balsam  or  oil  of  cloves. 

*  For  the  chemical  constitution  of  these  crystals,  see  Chapters  IV.,  VI.,  and  IX. 
f  Hardenmg  with  absolute  alcohol  may  also  be  employed  ;  then,  of  course,  it  will 
be  necessary  to  drive  off  the  alcohol  before  stainin-r 
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According  to  Euber,^'  good  results  may  also  be  obtained  in  the  fol- 
lowing manner  -.-Two  grms.  each  of  aurantia,  indulin,  and  eosm  are 
dissolved  in  30  grms.  of  glycerine,  the  resulting  thick  fluid  well  shaken 
up  and  the  cover-glasses  (dried  and  heated  as  above  for  several  hours 
at  120°  C.)  are  immersed  in  it  for  a  period  varying  from  half  an  hour 
to  some  days.    When  taken  out,  they  are  carefully  washed  with  dis- 
tiUed  water,  dried  in  the  air,  and  examined  in  Canada  balsam  or- dammar 
varnish     Should  the  case  be  one  of  early  leukaemia,  the  red  blood-cor- 
puscles in  such  a  preparation  are  stained  a  reddish-yellow  the  nuclei 
of  the  white  corpuscles  have  taken  up  the  blue  colouring  --t^^-' 
addition  there  are  seen  large  leucocytes  (eosinophil  cells)  distended  with 
granules  of  a  deep  red  tint  (eosinophil  granules).    In  such  preparaU  is 
L  latter  are  also  commonly  to  be  seen  scattered  separate  y  or  ass  ci  ted 
irregularly  in  groups,  together  with  large  colourless  cellular  bodies  of 
oval  shape  distended  at  their  poles  with  similar  particles. 
^^tt«e.*.-  and  AiaeUoP^  stained  ^^^^^^I^ 
above  with  eosin.    The  latter  employed  a  concentrated  alcoholic  blmsh) 
^olut  ol  of  eosin,  that  known  as  No.      of  Bayer's  factoi-y  at  Llberfeld, 
ntt  e  fo^^^  -The  preparation  is  submitted  to  the  action  of  t^e 

It  n   Wtor  half  an  iJir  in  the  cold,  or  for  two  to  three  inmutes 
whTheat  is  used  ;  the  excess  of  colouring  matter  is  then  washed  away 
"^i^  d  watek  and  the  preparation  is  placed  for  a  short  time  m  a 
otentrated  watery  solution  of  -^hylene-blue,  dried  a^d  ex^^^^^^^^ 
Canad.  balsam.    Very  beautiful  specimens  may  be  obtained  m  tins  v.  ay. 

Tties  of  observiions  which  the  author  has  made  with  the  blood 
of  teaKhy  and  anemic  persons,  and  especially  of  rickety  cl^^ldren  ha 

tha't  the  appearances  iii  question  occur       -ly  - -^^^^ 
or  in  that  of  anemic  states.    In  one  case  only,  tha^  of  a  1-t-t  -t^l^^ 
tuberculosis,  and  who  was  not  leukemic,  ^^^^^^^^  n 

abundance.    AlcleUoff  observed  a  large  number  ^  J?^^^^ 
the  blood  in  three  cases  of  malaria  ■  so  also  did  Dole^a.      ilie  aum 
h^s  tnd  such  in  healthy  adults  in  pneumonia,  and  m  ^^J^ 
las  ioum  Rieder^^  have  had  the  same  experience.  Fink 

t:lc;trn::LrLocyUs«Hh  eosinophil  g™„u,es  .  p.se„t 

It  foUows  fl  a   fto  Clot  ^^.^^^^^^  commencmg 

abm,dance  has  lost  m^^^^^^^^ 

''''''r:\-TlTC^oT^^^  diffovontiatiou  of  eosinophil  leuco- 

for  the  belief  that,  uy  moiu  ^ 
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conclusively  that  the  bodies  in  question  do  exist  in  the  blood  of  leulvEemia 
alone,  and  do  not  exist  in  that  of  other  forms  of  anaemia.  For  the  present 
the  assumption  is  not  warranted.  The  author  lias  observed  leucocytes 
similar  to  those  described  by  Miiller  in  tlie  blood  in  a  case  of  sarcoma, 
and  TFews"!  has  reported  in  like  manner.  Nevertheless,  where  repeated 
observation  has  shown  the  presence  of  these  bodies,  it  is  perliaps  safe  to 
admit  them  as  evidence  of  commencing  leukaemia. 

In  view  of  the  great  importance  of  Ehrlich's  process  for  the  investigation 
of  the  blood,  some  further  notice  of  his  methods  is  called  for.  [i.  Eosinophil 
granules  are  those  which  stain  with  acid  pigments,  of  which  eosin  is  one.  The 
process  for  their  detection  has  been  already  described.  2.  Basophil  granules 
stain  with  basic  aniline  dyes,  e.g.,  dahlia,  gentian-violet,  methyl-violet,  methyl- 
green,  vesuvin,  and  fuchsin.  3.  Neutrophil  granules  stain  best  with  neutral  dyes, 
i.e.,  those  composed  of  a  coloured  base  and  an  acid.  Of  these,  methyl-blue  and 
acid  fuchsin  are  examples.'"^] 

[Dr.  S.  Delepine  divides  the  aniline  dyes  into  two  classes,  (i.)  Acid  fuchsin  may 
be  taken  as- a  type  of  the  first  ;  (2.)  basic  fuchsin  as  a  type  of  the  second.  The 
first  class  stains  deeply  the  most  differentiated  parts  of  the  cells ;  the  second, 
the  least  differentiated  parts  of  the  cells.  In  a  drop  of  blood,  the  red  corpuscles 
are  most  deeply  stained  by  acid  fuchsin,  the  leucocytes  but  faintly  stained,  while 
the  nuclei  are  not  stained  at  aU.  If  basic  fuchsin  be  used,  the  nuclei  are  stained 
most  deeply,  the  body  of  the  leucocytes  to  a  less  extent,  and  the  red  corpuscles 
least  of  all.i"''] 

For  the  detection  of  neutrophil  or  e-granules,  a  fluid  is  required  of  the  following 
composition :— To  five  parts  of  a  saturated  solution  of  acid  fuchsin  one  part  of  a 
watery  solution  of  methyl-blue,  and  five  parts  of  distilled  water  are  added  •  the 
mixture  is  allowed  to  stand  for  some  days,  then  filtered,  and  the  filtrate  may  be 
employed  for  staining  blood-preparations  in  the  manner  indicated  above  The 
leucocytes  will  then  exhibit  dense  violet-coloured  granules. 

_  For  the  detection  of  basophil  or  rgranules  ("  mast-zellen  "  granules*)  a  fluid 
IS  needed  containing  50  cc.  of  a  saturated  alcoholic  solution  of  dahlia  and  10  cc 
ot  glacial  acetic  acid  in  100  cc.  of  waten^^s 

According  to  Ehrlich,  basophil  granules  are  absent  from  the  blood  in  health 
It  IS  probable  that  in  the  near  future  leucocytes  maybe  further  distinguished 
avXbf^f  .i  "  development,  and  the  information  so  obtained  may  Lcome 
available  for  the  purposes  of  diagnosis,  as  Einhom's^^  observations  suggest.  It 
would  be  of  great  interest  to  ascertain  which  of  the  recognised  varieties  of 
leucocytes  occur  in  the  blood  in  the  conditions  of  leucocytosi!  mentioned  above 
Accordmg  to  Einhorn,  they  would  appear  to  be  especially  the  polynuclear  forms. 

4.  Anaemia  Infantum  Pseudo-Leuk8emiea.i«--Tho  author  has 
described  a  form  of  anaemia  of  a  very  distinctive  character  as  occurring  in 
children,  and  the  observations  of  Loosios  connection  with  the  blood- 
changes  concerned,  and  of  Luzet  100  in  respect  of  its  clinical  history,  furnish 
sufficient  warrant  for  regarding  it  as  a  separate  disorder.  Pathologically 
the  most  striking  fact  is  a  very  great  diminution  of  the  cellular  elements 

occu^'S"'""'"  "^""^  ^^"'^  bodies  which 

occur  chiefly  in  connective  tissue  in  the  neighbourhood  of  blood-vessels.    They  are 

protoplasm.    These  granules  stain  deeply,  and  have  been  mistaken  for  micrococci.] 
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of  the  blood.    In  one  case  the  red  corpuscles  numhered  only  820,000, 
the  white  54,666.    Leucocytes  arc  always  increased  in  nuniher,  but  the 
increase  is  not  so  great  or  so  progressive  as  in  leukoeniia.    Further,  the 
leucocytes  display  a  remarkable  variety  of  form  and  attain  to  an  unusua 
size    The  red  corpuscles  in  f  resUy-shed  blood  exhibit  a  high  degree  of 
poikilocytosis,  and  their  contents  are  apt  to  be  colourless-a  condition 
which  is  perhaps  a  form  of  poikilocytosis  (compare  figs.  20  and  21). 
rffavem""  has  already  commented  upon  the  appearance  in  leukaemic  blood  of 

albuminoid  material  witb  whloh  hamoglobin  normallj  combine..] 

Some  of  tlie  leucocytes  hokl  red  eorpuBcles  or  fragnrenl^  of  the  same 
embedded  in  their  substance,  and  amongst  them  are  a  few  basophil,  and 


very  large  polynuclear  neutrophil  cells.  Finally,  nucleated  red  corpuscles 
"kI::  be  «  that  none  of  the  characters  mentioned  here  as 

ound  in  lentamia,  pernicious  an»mia,  and  purpura  '■^'l'"',''"'  J 
nn'jlel*  eXc'tes  or  ri  cells  onl,  in  the  seventb  montb. 

'hl2  of  the  blood,  sufficiently  distinguish  the  disease. 
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It  nmy  be  mentioned  tlmt  the  changes  in  the  blood  are  very  similar 
to  those  found  in  leukjcmia,  but  in  the  latter  the  cellular  elements  and 
the  amount  of  haemoglobin  are  never  reduced  so  much. 

5.  Melansemia,"'*— The  microscopical  appearance  of  the  blood  in 
this  very  rare  disease  suffices  for  its  recognition.    There  are  to  be  seen 
floating  amongst  the  blood-corpuscles  smaller  or  larger  granules  and 
granulation  masses,  possibly  pigment  lumps,  which  are  usually  black, 
more  seldom  broAvn  and  yellow.    The  granules  are  united  to  each  other 
by  a  substance  Avhich  is  soluble  in  acids  and  alkalies.    The  pigment 
occurs  also  in  the  form  of  separate  granules  equal  in  size  to  leucocytes. 
Finally  (and  this,  in  the  author's  opinion,  is  the  commonest  case),  the 
pigment  particles,  both  small  and  large,  may  be  enclosed  within  cells 
Arhich  occasionally  resemble  white  blood-corpuscles,  and  sometimes  differ 
from  them  in  Ijeing  flask-  or  spincUe-shaped.    The  pigment  lumps  are 
very  rarely  observed ;  but,  on  the  other  hand,  the  granules,  and,  more 
commonly  still,  pigment-laden  white  corpuscles,  are  often  temporarily 


Fio.  i9.-JIelanaimio  Blood  (eye-piece  HI.,  objective  8a,  liekheH),  from  a  Case  of 

Malarial  Cachexia. 

present  after  a  severe  attack  of  ague  and  in  relapsing  fever.  The  pre- 
paration (shown  in  fig.  19)  ^vas  made  from  the  blood  of  a  man  who  had 
suffered  for  a  year  from  malarial  disease  which  he  had  contracted  in  the 
tropics.  The  appearances  described  here  are  usually  associated  with 
ohgochroma^mia  and  oligocythemia,  and  Accompanied  by  the  symptoms 

6  Microeyth^mia—This  condition  was  first  described  by  Va.lair 
and  Masmsn^  It  is  characterised  by  the  presence  in  tlie  blood  of  small 
hc^mog  obin-contaming  elements  (microcytes),  which  are  probably  derived 
from  the  red  blood-ceUs,  and  are  generaUy  smaller,  but  occasionally 
laiger  {mecjalohlasts  of  Hayem  and  Wirlich)  tlian  these 

Such_  bodies  are  found  in  many  morbid  states,  and  notably  in  toxic 
states  infectious  diseases,  pronounced  anaemia,  and  in  burns.  Not- 
wi  hstanding  that  much  has  been  wtten  about  them,  there  is  really 
but  little_  lalo^vn  on  the  subject  of  microcytes,  an<l  their  discovery  is 
of  no  assistance  in  diagnosis.  LUtm  has  shown  that  they  may  rapidly 
appear  in  the  blood,  and  as  rapicUy  disappear  from  it.    We  may  refer 
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here  also  to  Bettelheim's^^'^  observations  on  the  subject  of  minute  mobile 
oranules  in  the  blood.  Gram  and  Grdber^^^  regard  the  microcytes  as 
the  result  of  post-mortem  changes  in  the  blood.  The  latter  believes  that 
they  represent  the  final  product  of  the  rapid  and  uniform  abstrac  iou 
of  'vater  from  the  corpuscles;  and  since  such  a  process  will  take  place 
most  readily  in  blood  ^yhich  contains  but-Httle  water  (and  is,  therefore, 
relatively  rich  in  albumin),  the  subject  of  microcyth^mia  is  mvested, 
bv  this  theory,  with  a  certain  practical  import'ince. 

7.  P0ikil0Cyt0SiS.-By  this  term  it  is  usual  to  describe  an  affection 
of  the  blood  in  which  the  red  corpuscles  exhibit  a  remarkable  vanet.j 

fn  fnvm  and  size        The  condition  was  first  noticed  in  pernicious, 
as  to  form  ^^^^  ,,,thors  as  pathognomonic  of 

^J:^^^,  ^av'e  been  recorded  ^Gr^er ^te.^f, 
Xine,  Hennann  Muller)  in  which  no  such  changes  were  • 

ThP  aniDearance  of  the  red  blood-corpuscles  in  this  condition  exhibit 
.  ^arSe  ::::ety.    Some  are  normal  n.  shape  and  size,  but  amongst 


^'  o 

oogo 

ovp  nipco  s  Reichorfs  jipochrorantic  objective), 

F...      -"'lit  c-r,z=rss^^^^^^^ 

Some,  .gam  «  f.f '^^^^J"  „  futae  tave  been  compared 
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(fiy.  20).    Friedreich  and  Hosier  have  seen  amoeba-like  processes  on  the 
red  corpuscles.     The  autlior  has  also  observed  similar  appearances,  and 
inclines  to  the  belief  that  the  prominent  features  of  poikilocytosis 
depend  upon  the  fact  that  the  red  corpuscles  are  endowed  with  an 
abnormal  power  of  contractility.    This  quality  may  also  belong  to  the 
contents  of  the  red  corpuscles     (gee  iig.  21),  and  it  is  possible  that  the 
contamed  substances  lately  noted  within  them  in  cases  of  cancer  may  be 
accounted  for  in  this  way."9    Q^imcZ-e  120  ]^^^  observed  this  condition, 
and  he  has  applied  to  the  resulting  appearances  the  name  of  "  cup- 
shaped  depressions  in  the  red  blood  -  corpuscles."     From  -the  above 
description  it  may  be  seen  that  poikilocytosis  is  easily  distinguished 
TOth  the  microscope.    Such  appearances  are  not  confined  to  any  one 
disease,  but  are  common  to  many  in  which  the  blood  is  greatly  altered, 
and  especially  in  respect  of  the  diminution  of  its  cellular  elements  and 
of  the  red  corpuscles  in  particular. 

The  author  has  himself  observed  them  in  cases  of  chlorosis  and  severe 
anemia  of  whatever  kind,  and  typically  developed  in  pernicious  anemia, 
and  in  anfemia  infantum  psendo-leuksemica.  He  has  also  seen  them  ui 
tlie  cancerous  cachexia,  in  leuktemia,  and  in  amyloid  degeneration  of  the 
viscera.  Gniber^-^^  believes  that  the  poikilocytes  do  not  exist  in  the 
circulating  blood  ;  a  view  which  the  author  does  not  assent  to  in  all  cases. 

8.  Changes  in  the  Formed  Elements  of  the  Blood  in 

Chlorosis.i22_  .^jtiiotigh  the  minute  examination  of  the  blood  in 
chlorosis  commonly  discloses  few  or  none  of  the  changes  previously 
described,  it  will  prove  both  interestmg  and  profitable  to  mark  those 
particulars  in  which  it  difi^ers  from  simple  oligocythemia  on  the  one 
hand,  and  from  pernicious  antemia  on  the  other. 

Chlorotic  blood  is  especiaUy  characterised  by  its  paler  colour,  not 
necessarily  accompanied  by  other  changes  in  the  physical  properties  of 
Its  constituents.  Microscopical  examination  shows  usually  that  the  red 
corpuscles  are  abnormaUy  pale  without  their  number  being  markedly 
diminished.  The  application  of  the  methods  for  counting  the  corpuscles 
and  for  estimating  the  amount  of  contained  haemoglobin  proves,  in  the 
greater  proportion  of  cases,  that  while  the  number  of  corpuscles  is  but 
slightly  altered,  the  blood  is  very  deficient  in  haemoglobin.  Generalising 
.somewhat,  the  concUtions  that  obtain  in  chlorosis  may  be  said  to  be  •- 
Diminution  of  the  amount  of  haemoglobin,  together  with  a  le'ss  dimi- 
nution of  the  cellular  elements  of  the  lilood,  and  with  or  without  an 
uccompanymg  relative  increase  of  leucocytes.  Poikilocytosis  is  a  fre'- 
quent  phenomenon  in  chlorotic  blood,  whilst  microcytes  and  me^alo- 
blasts  are  also  not  of  rare  occurrence.  In  some  cases  of  chlorosi.s°tlie 
number  of  red  corpuscles  is  so  greatly  diminished  that  they  approach  tlie 
character  of  pernici.nis  anemia  in  this  particular.    Finally,  accordincr  to 
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Peiper  and  Griiber,  the  alkalinity  of  the  blood  is  always  incieased.  The 
author  has  noted  a  diminished  alkalinity  in  three  instances. 

9.  Chang-es  in  the  Formed  Elements  of  the  Blood  in  Per- 
nicious Anemia.    —Very  different  is  the  condition  witnessed  in 
pernicious  anemia.    The  blood  is  thin,  light-coloured,  and  shows  all 
the  changes  which  have  already  been  seen  to  belong  to  oligocythsemia. 
Under  the  microscope  its  cellular  elements  are  seen  to  be  enormously, 
diminished  in  quantity,  a  condition  which  is  seldom  or  never  observed 
in  the  very  worst  forms  of  simple  ansemia.    The  number  of  blood-cells, 
accordin-  to  Laaclie,  mayfaU  so  low  as  360,000  to  the  cubic  millimetre. 
Further,  the  individual  red  cells  are  often  larger  than  normal,  and 
exhibit  in  an  exquisite  maimer  the  characteristics  of  poikilocytosis. 
Eosinophil  cells  are  also  present  in  unusual  number,  and  the  characters 
belonoing  to  severe  anaemias  generally  and  to  anemia  infantum  pseudo- 
leulJmica  may  be  observed,  except  that  the  degree  of  leucocytosis  is 
never  permanently  so  great  as  in  the  latter  disease. 

To  estimate  the  diameter  of  the  corpuscles,  the  method  ot  dry 
measurement "  may  be  employed.    It  is  founded  upon  the  fact  observed 
by  C  Schmidt,  that  red  blood-corpuscles,  when  rapidly  dried,  retam 
their  form  permanently.    According  to  Laache's  directions,  the  pro- 
ceeding is  as  follows  :-A  slide  is  gently  heated  and  then  swept  quickly 
and  li-htly  over. the  surface  of  a  very  small  drop  of  blood  drawn  fi'om 
the  skin.    The  blood  dries  rapidly,  and  when  placed  under  the  micro- 
scope, the  corpuscles  appear  as  bi-concave  discs,  lying  apart  from  one 
another,  so  that  their  diameter  can  easily  be  measured  with  the  amiliar 
micrometrie  apparatus  (micrometer  eye-piece).    In  the  case  of  health>^ 
blood-corpuscles,  the  diameter  ranges  between  6.5  or  6.7  and  9.0  or  9.4  f^- 
In  the  blood  of  pernicious  anaemia,  red  corpuscles  are  found  ot  10-15 
diameter.    Microcytes  are  seldom  found  in  the  blood  in  this  disease.  _ 
An  important  sign  of  pernicious  anemia,  as  Hayem  first  showed,  is 
the  fact  that  the  number  of  red  cells  in  the  blood  is  mversely  propor- 
t  onal  to  the  quantity  of  hemoglobin  which  they  contarii.  Copemau^- 
made  the  remarkable  discovery  that  when  the  blood  of  permciou 
ZZi.  is  quiekly  dried,  rhombic  crystals  of  h.moglobm  are  sometimes 
formed. 

The  presence  of  amorphous  h.matoidin  in  ^-sh  blood  is  not  a        -e  oc^^ 
rence    The  author  met  with  it  in  the  case  of  a  child  of  four  months  suffen 
from  hereditary  syphilis  and  severe  icterus. 

.  The  Gre^k  ktto     rspr.»nU  o„e.ll,o„..„ail,  .f  .  .nilli.n.tr.  (;.=o.0O,  n,,!!,- 
meto),  .nd  I.  the  .ig"     «  n,icromlllm,etr.  o,  n,.c,o„. 
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of  liEemoglobiii  -which  tliey  contain.  ^-^  All  these  properties  can  be 
shown  by  the  methods  described  aboA'e. 

[It  is  often  important  to  liave  the  means  of  comparing  specimens  of  blood, 
whether  from  different  individiials  or  from  the  same  individual  at  different  times. 
Br.  R.  Muir'^-^  has  adopted  the  following  method  for  making  permanent  prepara- 
tions of  blood.  A  film  of  blood  is  obtained  in  the  usual  way  upon  a  cover-glass, 
and  while  it  is  still  wet  the  latter  is  placed  in  a  saturated  watery  solution  of 
corrosive  sublimate,  to  which  a  little  salt  has  been  added,  and  is  left  there  for 
thirty  minutes.  It  is  then  removed  and  the  corrosive  sublimate  is  washed  off 
with  a  f  per  cent,  solution  of  common  salt.  The  cover-glass  is  placed  for  a  few 
minutes  in  spirit,  and  afterwards  in  absolute  alcohol.  The  specimen  can  then  be 
stained  with  eosin  and  logwood  and  is  absolutely  permanent.] 

10.  Changes  in  the  Formed  Elements  of  the  Blood  after 
Haemorrhage  and  in  Infectious  Diseases  (Secondary  Anaemia). 

— In  these  conditions,  and  also  in  chronic  nephritis,  anaemia,  mth  a 
diminution  in  the  corpuscular  elements  and  of  the  colouring  m  atter  of  the 
blood,  is  of  constant  occurrence,  but  the  other  changes  -which  have  been 
shown  to  accompany  pernicious  anaemia,  &c.,  are  absent.  Neuberf-^' 
has  shown  that  in  pulmonary  phthisis  the  amount  of  hemoglobin  fre- 
quently diminishes  more  rapidly  than  the  number  of  corpuscles. 

In  myxoedema,  Krcepelln  observed  blood-changes  similar  to  those 
which  belong  to  pernicious  anaemia,  and  the  same  microscopical  appear- 
ances have  been  found  in  cases  of  anaemia  due  to  the  presence  of 
intestinal  worms,  as  Bothriocephalus  latus,  Doclimius  duodenalis  (see 
Chap.  VI.),  and  in  the  course  of  syphilis,  i^f  The  results  of  malarial 
infection  have  been  already  noticed  (p.  35). 

V.  THE  PARASITES  OF  THE  BLOOD.— Amongst  these  are  mem- 
bers both  of  the  vegetable  and  of  the  animal  kingdom. 

A.  Vegetable  Parasites.— We  shall  foDow  the  plan  usually  adopted 
in  cHnical  medicine,  by  which  micro-organisms  are  divided  into  three 
great  groups— (i.)  Moulds;  (2.)  Yeasts  (Saccharomycetes) ;  and  (3.) 
Fission-fungi  (Schizomycetes,  bacteria).  The  third  group  alone  concerns 
us  here,  for  to  it  Ijelong,  almost  without  exception,  the  parasites  -ivhich 
as  yet  have  been  found  to  infest  the  blood.  Yeast  ceUs,  indeed,  have 
occasionally  been  seen  in  the  blood  of  animals, but  not  yet  in  that  of 
man,  nor  has  any  definite  disease  been  attributed  to  their  agency.  We 
have,  therefore,  to  describe  the  bacilli  of  anthrax,  of  relapsi7i(/  fevei;  of 
iube7-cle,  of  glanders,  and  of  tijphoid.  Witli  reference  to  the  bacillus  of 
tetanus,  the  recent  investigations  as  to  its  occurrence  and  significance 
are  to  be  received  with  great  reserve.  In  view  of  the  researches  of 
Kitasato,^^^  however,  it  is  no  longer  possiljle  to  question  the  pathological 
significance  of  this  micro-organism.    Tlie  statements  concerning  the 
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presence  of  Streptococci  in  the  blood  oi  certain  diseases  also  need  con- 
iirmation  before  tbey  are  made  the  basis  of  clinical  inferences. 

Methods  of  Examinmq  the  Blood  for  Micro-Organisms.— \rv  certani 
diseases  (as,  e.cj.,  of  relapsing  fever  and  anthrax)  no  difficulty  wiU  be 
found  in  determining  the  presence  of  bacilli  in  the  blood  by  means  of  a 
simple  microscopical  examination.     In  other  instances  (and  especially 
in  miliary  tuberculosis,  typhoid,  and  glanders)  we  must  resort  to_  the 
methods  of  Koch  and  Ehrlich.    In  aU  ahke  the  common  process  is  to 
dry  the  blood  in  a  thin  layer,  so  that  the  shape  of  the  corpuscles  is 
lost  without  altering  the  appearance  of  the  bacilli,  and  then  to  submit 
it  to  the  staining  methods  employed  by  Koch,  Ehrlu-h,  Weigert,  _&c  - 
and  other  investigators.    The  general  principle  of  the  viethods  u  i  ns, 
that  the  fungi  are  deeply  stained  hy  the  basic  aniUae  dyes     lo  these 
basic  aniline  dyes  belong  :-Bismarck-brown,  vesuvin,  anilme-brown 
fuchsin,  methylene-blue,  gentian-violet,  and  methyl-violet.    It  must  be 
observed,  however,  that  other  substances  besides  the  micro-organisms  are 
coloured  by  these  dyes.    Thus,  for  instance,  masses  of  protoplasm,  eel - 
nuclei,  and  the  products  of  cellular  dismtegi-ation  stain  readily  yth 
them.    This  is  true  also  of  the  y  and  6  granules  of  Ehrhch,  and,  m  fact, 
they  have  over  and  over  again  been  mistaken  for  fungi. 

Preparation  of  Cover-Glasses.-T^.  skin  of  the  finger-tip  from  which 
the  blood  is  to  be  taken  must  first  be  thoroughly  cleansed  with  soap 
and  water  and  a  nail-brush,  and  washed  with  corrosive  sviblimate  (i  m 
Too)  AU  traces  of  the  latter  are  removed  by  first  rmsing  the  finger 
with  alcohol,  and  finaUy  pouring  .ther  upon  it.  A  pretty  deep  pim. 
ture  is  now  made  in  it  with  a  needle  previously  sterihsed  by  heat.  The 
small  instrument  devised  by  Hauxley^^^  may  be  used  instead  of  the 
needle. 

that  ase^Uc  blood  can  be  obtained  in  the  .ays  mentioned  here. 
The  first  drops  of  blood  that  issue  are  swept  away  with  a  well-sterilised 
pla'STui  needl  and  a  cover-glass  held  ;^^^J^^;;^ 
I  Quickly  brought  in  contact  with  the  surface  of  the  blood  as  no^ 
rX  rom  the  wound.    To  this  cover-glass  another  is  at  once  apph  d 
A  IV  Wood  soread  in  a  very  thin  layer  between  them.     They  are 
tatparit  d  S  re  aid  of  two  pairs  of  forceps,  and  placed  to  dry  in 
then  ««P^27  J"   a  chamber  free  from  draughts  and  dust.    Care  should 

r:X"t:e  co^glasses  employed  "are  absolutely  free  from  im- 
taken  that  the  c  ^^^^^  ^^^^  ^^^^^^^^  ^^^^^^  ^^^^ 

purities,  and  to  this  enci  u  y  ^^^^^^ 
corrosive  sublimate,  alcohol,  and  aether,    ^ot  less  caie 
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times  passed  cautiously  through  the  flame  of  a  Buiisen's  burner,  and 
tlien  kept  for  some  hours  at  a  temperature  of  120°.  After  this  a  drop 
of  a  strong  Avatery  solution  of  a  basic  aniline  dye  is  applied  to  it  by 
means  of  a  pipette,  allowed  to  rest  on  it  for  a  short  time — some  minutes 
at  the  longest — and  then  washed  off  with  a  gentle  stream  of  sterilised 
distilled  water,  directed  so  that  it  flows  over,  but  not  directly  down 
upon,  the  stained  parts.  With  this  object  the  cover-glass  should  be 
held  obliquely  to  the  stream.  The  preparation  can  be  examined  whilst 
wet.  To  mount  it  in  Canada  balsam,  dammar  A^arnish,  or  oil  of  cloves, 
it  is  necessary  to  dry  it  again  before  placing  it  Avitli  a  drop  of  one  of 
these  substances  on  a  slide. 

If  too  concentrated  a  staining  fluid  has  been  used,  and  the  sjDecimen 
proves  too  highly  stained,  the  excess  can  be  removed  by  the  addition  of 
alcohol.*  ^/irZzc/i  claims  for  methylene-blue  the  advantage  that,  even 
Avhen  submitted  to  its  action  for  a  long  time,  the  preparation  will  not  be 
too  deeply  coloured. 

Over-staining  is  less  likely  to  occur  when  alcohol,  glycerine,  or  acetic 
acid  has  been  added  to  the  Avater  in  Avhich  the  dye  is  dissolved.  It 
must  be  mentioned,  hoAvever,  that  vesuvin,  Bismarck-broAvn,  and  aniline- 
broAvn  cannot  be  employed  in  alcoholic  solution. 

Further,  it  is  a  good  plan,  especially  for  the  purposes  of  a  provisional 
inspection,  to  treat  the  cover-glass  directly  by  placing  upon  it  a  drop  of 
a  filtered  alcoholic  solution  of  an  aniline  dye,  such  as  fuchsin  or  methyl- 
violet,  and  then  to  Avash  off  the  superfluous  staining  fluid  Avith  alcohol, 
Avhen  the  preparation  may  be  examined  in  the  manner  already  described. 

With  reference  to  the  staining  fluid,  it  is  advisable  to  prepare  it 
afresh  each  time  it  is  required,  because  it  readily  decomposes  Avhen 
alloAved  to  stand  ;  and,  besides,  fungus  vegetation  is  apt  to  thrive  rapidly 
ia  dilute  solutions.  To  examine  a  dry  cover-glass  preparation  of  blood 
for  micro-organisms,  the  directions  of  Loffler  i^*"  may  be  followed  Avith 
advantage  :— The  cover-glasses,  prepared  as  above,  are  left  for  5-10 
minutes  in  a  staining  fluid  consisting  of  30  cc.  of  a  concentrated  alco- 
holic solution  of  methylene-blue,  and  100  cc.  of  i  :  10,000  solution  of 
potash,  then  Avashed  for  5-10  seconds  in  J  per  cent,  solution  of  acetic 
acid,  treated  with  alcohol,  dried,  and  mounted  in  oil  of  cloves  or  Canada 
balsam. 

(?mm's  13' method,  Avhichis  also  to  be  commended  for  the  examination 
of  micro-organisms,  is  somewhat  different.  He  prepares  the  cover-glass 
in  the  manner  described  above,  and  places  it  for  some  minutes  in  an 
Ehrlicli-Weigert  .solution  of  gentian-violet  and  aniline-Avater  (p.  105). 
When  siiflJciently  stained,  he  puts  it  into  a  solution  of  iodine  and  iodide 

*  Glycerine  or  dilute  acetic  acid  will  serve  this  purpose  also. 
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of  potassium  (iodine  i.o,  iodide  of  potass.  2.0,  distilled  -water  300.0), 
when  a  dull  red-brown  precipitate  forms.  It  remains  in  the  iodo- 
potassic-iodide  solution  for  two  or  three  minutes.  It  is  then  put  to 
bleach  in  absolute  alcohol,  Avhere  it  remains  for  some  time.  ^AHien 
taken  out  and  examined,  all  the  cellular  elements  are  seen  to  be  colour- 
less, while  the  micro-organisms  are  deeply  stained  a  dark  blue. 

In  Weigert's  i^s  modification  of  the  same  process  the  cover-glasses  are 
stained  in  a  saturated  aniline-water-gentian  (or  methyl-)  violet  solution, 
washed  with  water  or  normal  sahne,  and  dried.  A  drop  of  Lugol's  fluid 
is  then  applied,  men  this  has  taken  effect,  the  preparation  is  once 
more  dried,  and  aniline-oil  added,  a  drop  at  a  time.  The  latter  is  then 
thoroughly  washed  off  with  xylol  and  the  preparation  exammed  in  the 
usual  way.  By  this  method  micro-organisms  are  stamed  a  dark  blue, 
while  fibrin  particles  have  a  pale  colour. 

Giinther's  method  of  investigation  for  the  spirillum  of  relapsing  fever 
(see  p  45)  is  also  applicable  to  the  examination  of  blood  for  micro- 
organisms The  microscope  employed  in  these  researches  should  be 
provided  with  an  oil-imnlersion-lens,  and  an  Abbe's  reflector  and  open 
condenser  (Chap.  X.).  The  apochromatic  objectives  of  Reicherf,  Zeiss, 
and  other  instrument-makers  serve  still  better  (see  Chap.  X.). 

1  Bacillus  of  Anthrax.— The  presence  of  micro-organisms  in  the 
blood  of  men  and  animals  suflering  from  anthrax  was  pomted  out 
by  PolJmder,  Brauell,  and  Davaine.^^^  Many  other  observers  {Buhl, 
Waldeyer,  E.  Wagner,  and  W.  Miiller^^')  have  since  described  the 
occurrence  of  the  bacillus  of  this  disease  in  human  blood;  but  in  all 
cases  the  number  as  seen  in  man  falls  far  short  of  that  witnessed  m  the 
case  of  the  lower  animals,  and  it  varies  according  to  the  part  from 
which  the  blood  is  taken.  It  is  found  most  abundantly  in  splemc  blood. 
When  looked  at  through  the  microscope,  the  micro-organisms  are  seen 
to  be  motionless,  rod-like  bodies,  5-12  a.  long,*  and  ahnost  uniformly 
I  u  broad  slicrhtly  thickened  at  the  extremities,  and  occasionaUy  havmg 
the  appearand  of  transverse  segmentation  towards  the  middle.  Even 
in  unstained  preparations  they  can  be  readily  seen  when  they  are  present 

in  o-reat  numbers.  j     1  , 

?he  blood  is  at  the  same  time  thin  and  of  a  dark  red  co  om  , 
commonly,  too,  pronounced  leucocytosis  co-exists.  AVhere  typical  an- 
Zx  baciUi  ar  Lmd  in  the  blood,  the  diagnosis  of  the  disease  is  estab- 
shed-^eyond-question;  but,  on  the  other  hand,  it  must  be  borne  in 
mSl  iZ  the  symptoms  of  anthrax  may  be  well  marked  while  no 
3li  a  anywhere  to  be  seen.  In  such  a  case  the  diagnosis  may  be 
e  is    c;i'^  injecting  some  of  the  suspected  blood  into  an  animal 


*  ;u.  =  o.ooi  mill. 
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(mouse  or  guinea-pig),  which,  if  anthrax  be  present,  Avill  shortly  exhibit 
symptoms  of  the  disease,  and  its  blood  when  examined  Avill  be  found 
to  hold  bacilli  in  profusion  (fig.  22).  The  bacillus  of  anthrax  does  not 
form  into  long  threads  either  in  the  blood  or  in  the  living  tissues. 


Fig.  22.— Anthrax  Bacilli  from  a  Rabbit's  Blood ;.  from  a  preparation  by  Professor  Weichselbav.m 
(eye-piece  III.,  objectire  Relcbert  t';,  homogeneous  immersion ;  Abbe's  miiror  and  open  con- 
denser). 

and  it  has  no  spores  (R.  Koch)M^    It  increases  only  by  division.  Fig. 

22  represents  bacilli  from  a  rabbit's  blood. 

Fig.  23  is  from  a  preparation  made  from  the  blood  of  a  man  who  had 
died  of  anthrax  (wool-sorter's  disease).    A  comparison  of  figs.  22  and 

23  will  enable  the  reader  to  recognise  the  bacilli. 


Fio.  23.-Anthrax  Bacilli  from  Human  Blood  (post-morttn,);  from  a  preparation  bv  Professor 
J^ppvnger  (eyo-piece  Ilf.,  objective  Zeiss  ,V,  homogeneous  innncrsion  ;  Ahb.'s  mirror"  and  "open 
condenser). 


The  examination  of  the  blood  in  anthrax  is  conducted  in  the  maimer 
described  above  (for  dry  cover-glass  preparations  and  staining  with 
basic  aniline  dyes).     Lijfflcr's  method  is  especially  applicable  to  the 
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purpose.  It  should  be  mentioned  here  that  the  affection  known  as 
"  wool-sorter's  disease,"  the  nature  of  which  was  formerly  so  obscure,  is 
now  known  (from  the  observations  made  by  Eppinger  and  R.  Paltauf^^^) 
to  be  identical  with  anthrax,  and  when  the  clinical  symptoms  of  that 
disease  come  under  observation,  the  physician  should  in  all  cases  examme 
the  blood  and  pathological  fluids  (pleuritic  exudation,  &c.)  for  bacilh. 

2.  Spirillum  of  Relapsing  Fever.— The  spiriUum  was  first  noticed  by 
Ohermeyei-^'^  in  the  blood  of  a  patient  suffering  from  relapsmg  fever. 
It  has  "since  been  seen  by  many  observers,  but  most  authorities  are 
ao-reed  that  it  is  to  be  found  only  during  the  paroxysms  of  the  disease, 
and  that  as  the  temperature  falls  the  spirilla  disappear.*  When  a 
specimen  of  blood  containing  them  is  placed  under  the  microscope,  the 
spii-illa  appear  as  long  and  very  delicate  tmsegmented  threads  twisted 
into  si^irals.  Their  average  length  is  about  six  or  seven  times  the 
diameter  of  a  red  blood-corpuscle.    They  have  a  brisk  vibratile  move- 

nOO^O 


O 


o 

Fig.  24.-  Spirilla  of  Relapsing  Fever,  from  a  photogi-aph  by  Koch. 

iiient  in  the  direction  of  their  long  axis.    This  motion  when  the  blood 
is  examined  with  a  low  power,  gives  to  the  eye  a  peculiar  nnpression  0 
disturbance,  and  will  immediately  lead  the  practised  observer  to  bok  for 
the  presence  of  spirilla.   If  he  then  increases  the  power,  and,  stdl  better 

f  he  employs  an  oil  immersion-lens  with  Abbe's  condenser  and  a  small 
diihragm,  L  spirilla  come  clearly  into  view.  These  bodies  are  ex- 
tremely sensitive  io  reagents  of  all  kinds.  Even  the  addition  of  distilled 
water  will  cause  them  to  disappear. 

Tl  e  number  of  spirilla  which  are  to  be  seen  together  ui  a  specimen 

of  blood  varies  greatly,  and  often  bears  no  relation  to  the  intensity  of 

'^"if  The' blood  is  examined  in  the  intervals  of  the  disease  provided 
an  h  llxysm  be  impending,  it  displays  peculiar  refractive  bodies 
TemHing  di^Locci,  which  are  especially  numerous  when  the  paroxysm 
.  In  opposition  to  this  view,  see  Naunyn,  Centralbl.  f«r  Bacter.  «nd  Parasitenk., 
iv.  376,  1888. 
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sets  iu  ;  and  just  as  it  begins,  tliey  even  seemed  to  tlie  author  in  eei'tain 
cases  to  grow  out,  as  it  were,  into  sliort  thick  rods,  from  wliich  tlie- 
spirilla  were  finally  evolved.  Before  those  of  the  author,  similar  obser- 
vations had  been  made  by  Sarnoiv  ;  and  pending  further  confirmation, 
it  seems  probable  that  these  bodies  are  the  spores  of  spirilla,  which  have 
so  long  been  sought  for.  In  addition  to  spirilla,  the  blood,  especiall)^ 
after  a  paroxysm,  contains  pigment  particles  (melanin),  either  free  or 
incorporated  ■with  the  leucocytes. 

Since  both  the  sjjirilla  and  the  forms  (?  spores)  just  mentioned  have 
been  met  Avith  as  yet  only  in  the  blood  of  persons  suffering  from  re- 
lapsing fever,*  their  great  importance  as  a  clinical  test  is  sufficiently 
apparent. 

It  should  be  mentioned,  hoAvever,  that  forms  very  similar  to  the 
spirillum  of  relapsing  fever  are  met  with  in  the  blood  of  malarial  patients 
(see  p.  54)  {v.  Jakscli  and  Ganalis).  In  such  cases  the  two  diseases 
may  be  distinguished  by  attending  to  the  other  characters  of  the  blood. 
Moreover,  Avhen  relapsing  fever  supervenes  on  an  attack  of  ague,  the 
spii-illa  assiune  a  modified  shape,  as  it  would  appear  from  a  very  interest- 
ing observation  by  Karlins]d}^'-> 

According  to  Sachai-off,^"^  the  masses  of  protoplasm  which  have  been  seen  ia 
the  blood  of  relapsing  fever  constitute  the  specific  hEematozoon  of  that  disease. 
He  beheves  that  these  develop  in  the  red  corpuscles,  and  that  portions  of  their 
nuclei  give  origin  to  the  spirochsete  bodies.  The  writer  in  question  attempts  to 
account  in  this  way  for  certain  resemblances  between  ague  and  relapsing  fever. 

For  the  purposes  of  research  an  unaltered  specimen  of  blood  serves 
best,  but  dried  preparations  can  also  be  made  and  stained  most  appro- 
priately with  fuchsin. 

Gfunther has  recently  advocated  the  following  plan  : — The  cover- 
glasses,  prepared  in  the  usual  manner,  are  immersed  for  ten  second-s- 
in  a  5  per  cent,  solution  of  acetic  acid,  to  destroy  the  colour  of  the  red 
corpuscles.  The  acetic  acid  is  then  removed  as  far  as  possible  by 
blowing  upon  the  cover-glass,  and  its  last  traces  neutralised  by  holdino- 
tiie  preparation  surface  over  an  open  flask  of  strong  ammonia  solution 
(shaken  up  previously).  The  preparation  is  next  stained  in  the  Elirlich- 
WeigeH  aniline-water  gentian-violet  solution,  and  the  staining  fluid 
washed  off.  It  is  then  mounted  in  Canada  balsam  or  xylol  before  it 
is  inspected.  This  method  is  a  very  good  one  for  tlie  examination  of 
the  blood  for  micro-organisms  in  general. 

3.  Tubercle  BaciUus.— This  was  first  described  by  Weichselbaiim 
as  occurring  post-mortem  in  a  case  of  miliary  tuberculosis.    To  one  of 
his  pupils  named  Meisels^^'^  belongs  the  credit  of  its  first  discovery  in 

*  Bodies  resembling  them  are  found  in  the  buccal  secretion  {vide  chapter  on  the- 
buccal  fluids). 
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the  same  connection  during  life.  Since  tlien  much  knowledge  on  the 
sub.ecthas  been  derived  from  the  labours  of  various  observers  {Lustirj, 
Sticker,  Doutrelejjont,  Riitimeyer}^'^ 

The  assertion  of  Liebmann^^^'  that  tubercle  bacilli  occur  in  the  blood  of 
patients  who  have  undergone  tuberculin  injection  is  not  confirmed  by  Lhrhch, 
Gattmann,'^-  HamcrW^^  and  others  (Kossel). 

The  number  of  tubercle  bacilli  found  together  is  commonly  small 
Indee.l,  when  present,  they  are  often  so  few  as  to  baffle  the  most  careful 
investigation.    It  rarely  happens  that  a  specimen  of  blood  is  found  so 


i 


rich  in  bacilH  as  that  represented  in  fig.  25  ;  but,  when  detected,  they 
leave  no  doubt  of  the  existence  of  general  miliary 

The  mode  of  research  is  the  same  as  that  detailed  at  p.  104  for  the 
.examination  of  the  tubercle-bacilli  of  the  sputum,  and  the  cover-glas. 
prepared  in  the  manner  already  described. 
'  I  Bacillus  of  Glanders.-The  bacillus  of 

covered  by  Loffler'''  and  ScMUz,^''  and  its  association  with  the  disease 

'has  recently  been  confirmed  by  /.raeZ-  and  WeicJ.eIUu>nM'  The 

rciUi  Tre  Jod-like  bodies,  a-3  .  long  and  0.3-0.4  ^  broad,  often  carrj- 

•nfa  spore  at  the  extremity.    They  are  found  in  the  farcy  buds  and 

xUceration  of  glanders,  and  also  in  the  blood  of  persons  sulfenng  from 

tt  dtease  Eig.  26  represents  the  bacilli  seen  in  a  specimen  of  blood 
that  disease.    ^  i  ^^^^^^^^^  They 

1    ro.'rTn  the  m  "-ns  of  the  dried  preparation,  and  they 
^e^^st"  t  L^^J^^  for  detecting  these  fungi.  (See 

■"^^^'BacTnuslf  Typhoid  Fever.-Bacilli  have  of  late  years  repeatedly 
^  f  nniln  the  blood  of  typhoid  patients,  and  they  are  doubtless  the 
been  found  m  the  blooc       yi^^^  iV^eutoi^^  expen- 

.excitmg  cause    f  the  hsease.  7^^^  ^  ^^^^^^^.^  ^^^.^^^^^ 

mented  upon  the  blood  talcenirom  1  researches,  as 

^nd  succeeded  in  cultivating  bacilli  from  it. 
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those  of  Jaiiowshy,'^^^  show  that  the  baciUus  is  very  rarely  present  in 
the  blood  during  life,  and  that  their  detection  should  not  be  numbered 
amongst  the  resources  of  diagnosis.  Further  information  on  this  subject 
will  lie  found  in  the  chajjter  on  Fceces. 

6.  Streptococci. —  V.  Noordeu^'^'-  recently  found  streptococci  in  blood 
taken  from  the  body  of  a  woman  who  had  died  of  erysipelas.  They 
exhibited  in  their  cultivation-properties  the  closest  resemblaiice  to  the 
well-known  streptococci  of  Fehleisen  and  Rosenhacli. 

In  hke  mamier,  Orthenberger,^^''^  by  applying  Weigert's  method  to  the 
examination  of  the  blood  after  death,  has  shown  the  presence  in  it  of 
pneumonicocci  in  six  cases  of  uncomplicated  lobar  pneumonia. 

In  a  series  of  cases  in  which  the  author  examined  the  blood  of  pneumonia 
patients,  employing  sterilised  human  blood-serum  as  the  nutrient  substance,  he 
failed  altogether  to  obtain  a  cultivation  of  cocci. 

Some  years  ago  Klebs  ascertained  that  inicro-organisms  existed  in  the 
blood  and  endocardial  vegetations  of  persons  with  endocarditis.    In  a 

o  o  Q  0  o 

'  ^  o "  ^ 

o  Je^tlfeVp^r?  f  "  ■  ^""^  '"^  preparation  by  S,:  Kolisko  (eye-piece  V., 

objective  Zeiss  ^V,  homogeneous  immersion  ;  Abbe's  mirror ;  open  condenser). 

case  of  congenital  heart-disease  with  endocarditis,  Sanger -^^^  has  culti- 
vated micro-organisms  obtained  from  the  blood  during  life.  An  instruc- 
tive commimication  lately  published  by  Weichselbaum^<^^  has  also  shown 
that  cultivations  of  cocci  can  be  obtained  from  the  blood  during  life  in 
cases  of  endocarditis.  It  is  greatly  to  be  desired  that  systematic  investi- 
gation of  this  subject  should  be  made  by  means  of  Weigert's  method 
and  cultivation  processes,  with  the  object  of  establishing  a  secure  stand- 
point for  clinical  diagnosis.  The  researches  of  A.  v.  Eiselsherg,  Levy 
and  Bnmner  encourage  the  hope  that  this  may  be  accomplished.  In 
the  clmic  of  Professor  Clirohalc  at  Vienna,  the  blood  of  patients  in  a 
severe  attack  of  puerperal  fever  lias  repeatedly  been  found  to  exhibit 
micro-organisms  of  this  class.i'^" 

JStr^tococcus  P-/o^m«.-A  chain-forming  micrococcus  vvas  described  by  Ogston 

?s        r  ^  ^I'^f^"^''  -^^^  gave  It  the  name  of  Streptococcus  pyogenes,  and  it 

or  an7m.r"'T.  P™^^--     '^'^  kinds,  whether  in  men 

or  animals.    It  is  apparently  the  same  as  FMdsen's  S.  erysipelatis  and  Lofflcr's 
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Diphtheriacoccus.  It  has  been  obtained  from  tbe  pus  of  pysemic  abscesses  and 
empyema,  from  the  tissue-IU.ids  in  spreading  gangrene,  from  the  vesicles  and 
pustules  of  small-pox,  and  in  contaminated  calf's  lymph.  It  occurs  in  the  blood- 
vessels in  certain  cases  of  diphtheria,  scarlet  fever,  puerperal  septica;mia,  measles, 
and  typhoid ;  but  it  must  be  regarded  only  as  a  secondary  result  of  those  affec- 
tions. It  may  gain  admission  to  the  system  in  any  disease  attended  with  lesions 
to  the  skin  or  mucous  membrane,  setting  up  destructive  processes,  when  the 
resistance  of  the  tissues  is  greatly  impaired  by  the  working  of  a  special  virus 

^"tlTo/  ScarlaHna.-Br.  Klein  has  recently  -needed  in  se^^^^^^^^^ 
micro  organism  obtained  from  the  blood  of  scarlatina  Patients,  which  he  regards 
as  the  contagium,  virus,  or  actual  cause  of  that  disease.    When  c^lt^^^f  l^-^ 
inoculating  the  surface  of  nutrient  gelatine  with  the  post-mortem  Wood  tl  e 
Xo  organisms  bear  a  close  resemblance  to  the  Streptococcus  pyogenes    Kle  n 
Tof  opinion  that  the  two  are  sufficiently  distinguished,  both  -°'P^°lo|;-f^ 
and  by  their  pathogenic  effects  upon  animals.    The  experiments  upon  which  he 
reUes  however,  are  questioned  by  CMank,^-  who  maintains  the  identity  of  the 
m  crotganisms  concerned.    A  Streptococcus  which  Klein  ^^l-ves  to  b  ,e^sam 
as  that  of  scarlatina  was  found  in  the  blood  of  cows  in  an  outbreak  of  disease 
am  ngst  those  animals  at  Hendon ;  and  this,  when  inoculated  upon  calves,  pro- 
duced  n  them  the  post-mortem  appearances  of  scarlatina.    Moreover,  the  cow- 
d'eate  allude"  to  is'thought  to  have  caused  an  epidemic  of  scar-let  fever  amongst 
men  through  the  medium  of  the  milk.io"]. 

7  Micro-organism  of  the  Blood  in  Hydrophobia.-5«,-e^i,ii^;.  found  constantly 
thl  blood  in  hydr-ophobia  a  micro-organism  ^^^J^ 
m.tmlene  blue    Placed  on  slices  of  poUlo  at  25  -27  0.,  il  aeieiopea  10 
Tarse  0°  fort,  eight  hoars  ia  ilal.eaed  h.mi.phericl  °' '  "f" 

^."E^het-eL  whitish  g..,  ,.llcw  »d  cit^^^^^^^^ 

organism  and  hydrophobia. 

8.  BacUlus  of  Tetanus-Many  authorities  are  of  opinion  that 
tetanus  is  an  infectious  disease,  produced  by  the  agency  of  the  1. mfle- 
baciUus"  of  Nikolaier.  According  to  the  observa  ions  "I  J,'^^ 
investigator,  the  bacilli  in  question  are  somewhat  longer  and  hicUi 
Tan  tlose  of  monse-septica,u,ia.  They  sonretimes  form  m  hrea^, 
commonly  in  irregular  heaps,  and  occasionally  produce  spores,  ihe 
TaTiS  themselves,  or  then  spores,  have  been  found  m        l>lo«d  (!) 

They  stain  reacldy  in  dry  cover-glass  preparations,  and 
S  be  cSt  vated  outside  the  system.    The  fact  may  be  men  loned  her 
S  f  om  cultivations  of  the  baciUus  Briefer-'  has  isoLated  sev  .1 
rmaines-tetanin,  teUnotoxiu,  and  spa^motoxiu-vth  -I'-'; 
nduced  tetanic  poisoning  symptoms  in  annnals  ;  "^^^^^ 
same  observer  has  obtained  similar  poisons  from  the  blood  of  persons 

""^tl- tl^o  hatrperimentally  demonstrated  the  pi.sence  of  to^J 

fte  Sood  in  eases  of  Lanns.    [A.  B'-^'^"  "  T  ^ILTS  o 
to  causing  fatal  tetanus  in  rats  and  rabhts  by  .njectmg  the  inme 
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patients  suffering  from  that  disease.]  Tiie  researches  of  Kitasato  '"^  in 
Koch's  laboratory  liavc  delinitoly  established  the  fact  that  the  bacillus 
is  the  specific  cause  of  the  disease.  It  is  aiirerobic,  develops  in  pus 
and  forms  spores  there,  but  it  is  occasionally  observed  in  the  form  of 
rods  free  from  spores,  if  the  pus  be  examined  in  an  early  stage. ^'i'' 

B.  Animal  Parasites  (Hsematozoa). 

1.  Protozoa. — Under  tliis  heading  are  to  be  descril)ed  the  micro- 
tirganisms  of  malaria, — parasites  of  very  great  interest,  which  occur  in 
the  tM'o  principal  varieties  of  Haemamoeba  malariae  and  Laverania 
malarias. 


Historical. — Kkhs^''  and  Tomnuisi-CrudeU  have  described  a  bacillus  which  is 
found  in  the  soil  of  the  Campagna,  and  they  regard  this  as  the  specific  cause  of 
malaria. 

To  Lavei-an,^'^  who  in  i8So  observed  flagellated  organisms  in  the  blood  of 
malaria  patients,  belongs  the  credit  of  the  first  step  towards  the  ultimate  patho- 
logy of  this  disease ;  but  bis  discovery  was  too  indefinite  to  lend  itself  to  any 
clinical  purpose,  and  MarcMafava  and  Celli  claim  the  honour  of  having  first 
distinguished  and  described  the  hasmatozoon,  which  is  the  most  abundant  and, 
clinically,  the  most  important  of  this  group  of  blood-parasites.  These  observers 
detected  amEeboid  bodies  within  the  red  corpuscles  in  the  blood  of  persons 
infected  vnih  malaria.  The  amseboid  bodies  (plasmodia)  commonly  contained 
granules  and  particles  of  black  pigment.  They  stain  with  methylene-blue  They 
have  not  yet  been  cultivated  outside  the  body.'^"  but  Mavchiafava  and  CdU  and 
also  GerhanU,^^^  by  inoculation  and  intravenous  injection  with  malarial  blood 
contammg  them,  has  succeeded  in  communicating  the  disease  to  other  indi- 
viduals, and  the  infected  blood  in  its  turn  exhibited  the  plasmodia.  The  state- 
ments of  these  authors  are  borne  out  by  others.'*-' 

[Fenton  Evans  has  succeeded  in  obtaining  pure  cultivations  of  the  ha;matozooD 
outs.de  tJie  body  by  treating  the  nutrient  media  with  living  blood,-/ e  blood 
taken  before  r.V/o.  mortis  has  set  in.  These  cultivations,  when  inoculated  upon 
an,ma  s,  produced  a  fatal  disease,  of  which  the  symptoms  were  intermittent, 

tatS^ltl  T"  r  '"""T  '^""•^^^'^  intermittent  fever.  He  believed  also 
that  by  alteung  the  chemical  composition  of  the  media  the  h^matozoon  attained 
a  higher  orgamsation.    This  statement  is  questioned  by  B^/cr  'b^i 

Metschnikoff  VToposes  to  name  the  parasite  Ha^matophyllum  malaria:  II' 
Osier  has  examined  the  blood  in  seventy  cases  of  malariai  disease,  and  found 
.t  present  in  all.    It  would  appear  from  his  researches,  however,  that  tl 

cW^a.,>«  again  has  recently  supported  the  views  of  Laveran,  Marchiafava, 

^Ll     I    who  sought  to  prove  by  his  experiments  that  tlie  Plasmodium  resolves 
Itself  into  degeneration  types  of  the  red  blood-corpuscles ;  and  maint^.i  t In 

^rZf^^^r 'r'    ^^^-^^  --p--^  *rom  malaria,  s:,  ; 

it  s^^HUna     t1     '""r  '"fr  ''''''  inoculation  with  vaccine  and 

be  tirjoduct  n     h        "  '-'"•^^  °'  "'-^^""^^1  'l'^^^-^-^'  ^^■'i^""^?  ^'>e>"  to 

maintLs  that  H    ,     n  ^^v"''^  ^""^  blood-corpuscles,  and  further 

the  disease.    J  h,s  opinion  .s  shared  by  ^chiaru.zi,^^^  who  still  more  recentlv  has 
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succeeded  in  cultivating  the  micro-organism  outside  the  «y«tem  1  he  theory  of 
Danilewsky^^^  remains  to  be  mentioned.  That  author  «"PP°^^;/^/;*J^".^°^^^^^^ 
under  discussion  are  identical  ^vith  the  h^matozoa  observed  n.  the  blo°d  of  man, 
birds.  In  a  recent  communication  be  suggests  for  them  the  nam  o  Po  mxtus 
malarix,  and  from  his  researches,  as  ^vell  as  those  of  f f  "^"^^ 
Sanfelice,^'^  it  appears  probable  that  birds  are  attacked  by  the  same  parasite 
which  is  associated  with  malaria  in  man. 

Observations  which  the  author  made  m  Rome  in  1889  under  the 
direction  of  Marchiafava  and  CeUi,  and  afterwards  in  his  clmic  at 
Praoue,  have  satisfied  him  that  the  Mood  in  malaria  contatns  spenfic 
organisms,  as  Laveran  first  pointed  out,  and  that  these  specie  orgamsms 
are  the  determining  cause  of  the  disease.    The  subject  is  -ested 
^vith  cn^eat  importance  from  the  point  of  view  of  diagnosis ;  but  it  must 
be  admitted  that  the  micro-organisms  in  question  display  a  great  variety 
of  form,  and  many  details  of  the  life-history  of  this  mteresting  parasite 
lain  ;et  to  be  discovered.    Eor  our  purpose,  it  wil  ^^^^^  ^^^^'^ 
those  particulars  which  at  present  admit  of  ^'f^^'"^;.^^ 
foUow  ng  description  is  founded  on  the  statements  of  Laveran  Marrlna- 
ZranS  Celli^Goloi,  Celli  and  (^«a.wr/,  Gra.si  .n^  CaYracno 
R.  Paltauf,  Q.incJ.e,  Dolega,  Flskn,  "^'^f-f^^ 
and  Rosin,  controUed  by  the  author's  own  observations.       Some  of 
figures  are  borrowed  from  these  writers. 

The  earUer  researches  of  Laveran,  which  are  so  far  confumed  bj  the 
ItalL  observers,  have  established  two  facts-first,  that  tl- 1--^ 
malaria  assumes  a  variety  of  forms  in  different  ^^^^^^l 
same  locality  ;  and,  seconcUy,  that  its  form  f%^^^^^''\^j;i;Z 
the  locality  and  with  the  clinical  type  of  the  disease.    Hence  the  dis 
™des  in  the  statements  made  by  competent  authorities,  as  by  Lav.  an 
on  he  one  hand  and  Golgi  on  the  other,  the  former  having  had  oc  a- 
on  to  se  only  or  chiefly  the  spherical  and  crescentic  bodies  presenth 
to  be  noticed,  while  theL.boid  parasite  seldom  came  under  his  obser- 

'"wf  li.ve  it  on  the  authority  of  Marchiafava,  GeUi,  .nd  Canalis, 
J  sp   iaU^  of  Golgi  and  Canalis,  that  the  h^matozoon  of  malaria 

ee  prinlpal  forms,  each  having  a  special  relation  J. 
IT    rnlinioal  tvpes  of  the  disease-tertian  and  quartan  ague,  the 

^      oT.^  rpIJi)  and  that  the  development  of  the  oiganisni 

::irt  M-e,y  a.sooi.ted  .it,,  t,»  p,«„Ktio„  of  t„.  v„nous  scU 
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with  the  statements  of  Laveran  and  the  Italian  observers.  He  found 
that  there  were  constantly  present  in  such  blood  eight  different  forms, 
including  the  phagocytes,  which  ma;^  be  observed  to  take  an  active 
part  in  the  morbid  process.  The  micro-organisms  are,  in  his  opinion, 
all  varieties  of  a  single  polymorphous  hsematozoon,  and  in  general  they 
correspond  to  Laveran's  description.  The  chief  interest  attaches  to 
a  micro-organisni  witli  flagellated  rapidly-vibrating  processes,  which  was 
very  partial  in  its  distribution  through  the  body,  was  always  most 
abimdant  in  the  pyrexial  period,  and  the  vitality  of  which  was  controUed 
by  quiuiiie.  There  was  also  found  a  spherical  body  with  3-6  well- 
formed  cilia-like  processes.    This  is  the  Hsematomonas  malaria?  steUata.] 

1.  The  Parasites  of  Tertian  Ague.— A  few  hours  after  the 

cessation  of  the  feln-ile  paroxysm  the  blood  may  be  seen  to  contain 


J**  ; 


F,o.  .7.-Parasite  of  Tertian  Ague,  as  seen  in  the  blood  some  hours  after  a  paroxvsn, 
(partly  copied  from  other  observers),  if-t 

very  smaU  movable  bodies  of  a  pale  colour,  and  carrying  from  one  to  three 
extremely  delicate  and  pigmented  tlii^ead-like  processes  (ekto-lobular 
parasite  fig.  27,  on  the  left).  PMin  and  the  author  have  observed 
similar  bodies  during  the  fever-free  period. 

The  parasite,  as  it  is  supposed,  then  invades,  or  has  already  invaded 
the  red  corpuscles  (fig.  27,  left),  where  it  appears  as  an  actively-movino- 

granules.    Withm  the  corpuscle  it  gi-ows  in  size,  and  as  it  does  so,  the 

If  W 

former  becomes  progressively  despoUed  ot  its  hajmoglobii,  I„  ai.  „«v 
the  paras,te  develops  into  a  large  freely-nroving,  iZ„ly.,i„^Z 

fpail;*     '  '■■<>'"       t=™-»tion  of 

While  the  corpuscles  which  have  bee,  attaclied  rapidly  lose  their 

Puscle.    The  parasite  tl,™  undergoes  seg,„e„Utiou,  and  Iron,  this  result 
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the  various  forms  described  by  Golgi,  and  represented  m  hg  28.  These 
seamentation  forms  AviU  be  noticed  at  greater  length  presently. 

The  invaded  corpuscle  is  disintegrated.  Two  more  days  are  required 
for  this  endoglobular  development  of  the  parasite.    Tins  terminates  th- 


Dm 


?^   ^  %^ 

Ku.  ..-Pavasite  of  Tevtiau  A,ue,  at  o.  ..st  .efove  the  — ;S^r  ^'"^ 

from  C'oJ./O.l'-"    'J'be  figure  shows  the  canons  segn.eutat.on  foi.ns  P 

apyrexial  period.  A  new  generation  of  the  parasite  has  nratured,  and 
-^rZ^t  T^Zr:  before  the 

T¥^1S;:site  Of  Quartan  A.ue.-The  course  of  „ue 
is  marked  by  a  development  simdar  to  that  just  f^^^^^^^ 
The  endoglobular  growth  takes  place  in  this  case  also  ^^^^^ 
free  period.    Its  earlier  phase  is  quite  the  same  as  that  of  tert.an,  onl, 

the  corpuscles  are  less  rapidly  decolorised,  and  tire  melarrin  gr-anules 

:Sef  dSlro^ever,  is  i.r  «re  rr.e.od  o.  se,— , J^e 
resulting  segments  being  much  fewer  irr  quartan  than  n  t,. 
(&<,  xo)     In  the  latter  they  may  he  as  many  as  from  15  =°  I™ 
ptmoLm,  whereas  irr  the  former  they  range  from  6  to  r.  More 
fte  process  of  segnrentation  itself  takes  place  in  a  more  mnform  manner 

^      o       O  # 

3,._Para8itos  of  Acyclical  Internntte.t  Fever  (from  C^Ui  and  mrcMofara). 

h'Ss^ft:  ..,,1.,  mat„re  snceessively  at  intervals 

of  one  day. 
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3.  The  Parasites  of  Acyclical  and  Anomalous  Forms  of 

Ague.  —  tor  a  knowledge  of  these  organisms  wa  are  indebted  to 
Celli  and  Marchtafam,^'-^^  and  especially  to  Canalu.  Marchiafava'.s 
observations  were  made  with  the  blood  of.  patients  suffering  from 
the  acyclic  forms  of  intermittent  fever  which  prevail  at.Eome  in  the 
summer,  autumn,  and  winter  months.  In  Roman  fever,  just  before  tlie 
])aroxysm  and  at  the  end  of  the  apyrexial  period,  the  lilood  contains 
small  annular  plasmodia,  holding  in  their  central  part  a  mass  of  haemo- 
globin or  pigment  granules  ;  also  minute  moving  amaeboid  bodies  with  a 
sinuous  outline,  and  large  round  stationary  forms  Avhich  are  almost 
colourless,  and  which  present  at  the  centre  or  periphery  a  circular  spot 
of  pigment.  Unlike  the  parasites  of  tertian  and  quartan  ague,  the  plas- 
modia of  the  autumn  and  winter  Roman  fever  are  devoid  of  pigment 
and  retain  then-  motility  for  a  long  time  {Celli  and  Marehiafava). 

Li  the  varieties  of  Roman  fever  just  noticed  are  often  to  be  found 
the  crescentic  and  .sickle-shaped  bodies  which  Avere  first  described  by 


FiCi.  32.— Cresceutio  and  Fiilcifurm  Bodies,  and  Free  Urgaiiisms  carrying  Fliifella 
(Celli  and  Guarnieri  200). 

Laveran.  According  to  Celli  and  Giuirnieri  the  following  forms  may  be 
distinguished  :  Crescented  or  sickle-shaped  bodies,  otliers  of  a  boat-  or 
spindle-shape,  and  again  others  with  an  oval  or  circular  outline  and  pro- 
vided with  flagella  (fig.  32). 

■  (^-as-si  and /'e/ei'/Ii  have  urged  that  the  name  of  Hc-emamceba malaria? 
should  be  appropriated  to  those  forms  of  the  plasmodium  which  have 
been  described  as' belonging  to  the  recognised  typical  varieties  of  ague, 
while  the  term  Laverania  maJarife  is  reserved  for  the  sickle-shajwd  micro- 
organism. These  witer.s  are  of  opinion  that  the  latter  is  associated  witli 
recurring  attacks  and  the  malarial  cachexia.  Golrii  holds  the  view  that 
the  laverania  occurs  in  cases  of  malarial  fever,  where  the  attacks  are 
separated  by  long  and  indeterminate  intervals  of  inimunity. 

Canalis  has  directed  his  attention  particularly  to  the  study  of  the  para- 
sites which  are  to  be  found  in  cases  where  the  successive  felu-ile  attacks 
are  Separated  by  more  or  less  considerable  intervals,  and  which,  for  the 
most  part,  result  in  tlie  malarial  cachexia.    In  this  connection  he  has 
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described  tlie  life-history  of  two  varieties  of  laverania  ;  and  he  also  fmds 
that  the  period  of  maturation  of  one  brood  of  the  parasite  coincides 
with  the  development  of  fever. 

Without  entering  into  details,  the  author  would  observe  that  Canalis  descrip- 
tion applies  to  certain  forms  of  the  haematozoon  which  he  himself  has  observed 
in  a  case  of  reduplicated  quartan  ague  with  a  very  irregular  course,  and  in  certain 
other  particulars  the  observation  is  worthy  of  notice.  Besides  the  usual  amaj- 
boid  forms,  there  were  to  be  seen  a  remarkable  number  of  pale,  homogeneous, 
red  blood-corpuscles,  and  immediately  after  the  febrile  period-a  double  paroxysm 
lastino-  for  twelve  hours-the  blood  contained  free  particles  of  protoplasm,  en- 
closing  fine  granular  pigment  and  having  attached  long  and  well-formed  flagella. 
There  were  also  present  small  round  bodies  segmented  in  the  middle  and  pro- 
vided with  long,  thick,  freely-moving  flagella,  upon  which  black  particles  were 

scattered.    (See  fig.  32.) 

The  most  curious  fact  noticed  was  the  presence,  mostly  towards  the  outer 


V,r       -Tertiau  Aru.  ;  the  Blood  at  tho  Com>„ei.cement  of  the  Attack.    The  Bgui-e  is  eom- 

and  medium  diaphragm. 

n  nreniTation  of  spirally  twisted  bodies  resembling  the  spirillum 

of  Tetpsing  ever  but  tSker  an'd  lo^er  than  the  latter.  a.d  further  distin- 
guishedTy'theiro'utline  being  broken  very  minute  pigment  p^t.c^.  Ib.^^ 
bodies  were  actively  mobile  in  the  direction  of.  their  long  axis  They  ne  ei  made 
;w  ™rance  until  some  hours  after  the  preparation  had  been  mounted.-"^ 

anf path1fog"ally  it  was  found  that  distinct  generations  of  the  parasite  matured 
at  tepafatfntervals,  their  maturity  corresponding  with  the  access  of  fever. 

Besides  the  parasites  described  here,  the  blood  in  malaria  conta.n.s 
niomented  leucocytes.  These,  however,  are  not  characteristic  of  tho 
Eroiurring'as  they  do  in  other  febrile  states,  as,  for  instance, 

'^t^IZ^li  of  the  foregoing  description,  it  will  be  seen  that  the 
parasite  of  malarial  fever  exhibits  a  singular  variety  of  form. 
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Not-withstanding,  there  are  certain  well-establislied  facts  avaihxble  for 
the  diagnosis  of  the  disease  as  it  presents  itself  in  European  climates. 
An  examination  of  the  blood  at  the  outset,  or  during  the  period  of  fever, 
(till  mffice  to  establish  the  nature  of  the  disease  in  cases  of  tertian  ague. 
A '  mimher  of  the  red  corpuscles  will  be  seen  to  he  of  a  remarkably  pale 
colour,  and  loithin  some  of  these  pale  corpuscles  will  be  found  freely- 
moving  colourless  bodies,  containing  a  fine  gramdar  pigment.    Some  of 
tlie  red  coipuscles  are  almost  quite  decolorised,  and  within  these  the 
process  of  segmentation  of  the  hcemamoiba  into  15-20  j^acfe  may  be  more 
or  less  clearly  distinguished.    On  the  otlier  hand,  ichere  this  process  can 
he  observed,  and  where  the  segments  are  fewer — 6  to  8  in  number — and 
result  in  the  characteristic  marigold  arrangement,  the  diagnosis  of  quartan 
fever  may  be  made  with  equal  certainty. 

In  view  of  the  great  importance  of  this  subject,  it  is  deemed  advisable 
to  illustrate  the  foregoing  remarks  by  a  figure  representing  a  specimen 
of  blood  taken  from  a  case  of  tertian  fever  at  the  commencement  of  the 
paroxysm.    The  pale  corpuscles  contain  the  plasmodia  (fig.  33). 

Tliis  figure  is  drawn  from  appearances  actually  observed  by  the  author 
in  three  cases  of  tertian  fever,  and  it  -will  perhaps  have  an  additional 
value  as  affording  a  means  of  comparison  with  figs.  27-32,  which  were 
partly  borrowed  from  other  sources,  and  in  part  merely  diagi-ammatic. 

cases  where  the  hsemamoeba  is  found  m  the  blood,  together  with 
the  forms  of  laverania  just  described,  the  condition  may  be  taken  to  be 
one  of  atypical  or  anomalous  intermittent  fcA'cr. 

It  is  umiecessary  to  dwell  upon  the  great  importance  of  these 
researches.  By  their  aid  it  has  become  for  the  first  time  possible  to 
distinguish  malaria  with  absolute  certainty  by  the  result  of  an  examina- 
tion of  the  blood,  and  we  have  thus  acquired  an  invaluable  means  of 
discriminatmg  other  affections  which  closely  resemble  it,  as  obscure 
sepsis,  and  certain  cases  of  endocarditis  and  tuberculosis. 202 
4.  Methods  of  Examining-  the  Blood  for  the  Parasites  of 

Malaria.— No  more  need  be  said  to  impress  upon  the  reader  the 
expediency  of  being  able  to  recognise  the  principal  varieties  of  this 
interesting  parasite.  For  the  purpose  is  needed  an  oil-immersion  lens  and 
a  moderately  wide  aperture  of  the  diaphragm,  or,  still  better,  an  apochro- 

matic  objective— as  Zeiss'  apochromatic  objective  ^  M-ith  compensatin'r 

1.40  ^  " 

eye-piece  IV.  such  an  instrument  very  little  practice  wiU  secure 

proficiency  of  observation ;  indeed,  the  endoglobular  pigmented  parasite 
can  be  discovered  quite  as  readily  as,  for  instance,  the  sjjirillum  of  re- 
lapsing fever. 

For  the  purposes  of  more  precise  investigation,  and  especially  to  avoid 
the  chance  of  being  misled  by  the  process  of  vacuolation  in  the  red 
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corpuscles  which  has  heen  noticed  at  [>.  37,  it  is  necessary  to  resort  to 
staining  methods. 

To  distinguish  the  parasite  o£  malaria  from  simple  vacuolation  it  will  suffice 
to  smear  the  under-surface  of  the  slide  upon  which  a  preparation  is  mounted 
with  some  blue  fluid,  as,  for  instance,  a  solution  of  aniline  dye.  The  vacuoles 
will  then  display  the  same  colour  as  exists  elsewhere  in  the  field  when  not  occu- 
pied by  corpuscles.-*'^ 

The  parasite  may  be  suitably  stained  in  the  following  way 
Iklethyleue-blue  is  dissolved  in  normal  (0.6%)  salt  solution  until  the 
fluid  is  somewhat  deeply  coloured.  The  latter  is  then  filtered,  sterilised, 
and  set  apart  in  small  quantities  m  thorouglily  sterilised  test-tubes.  Tlie 
point  of  the  finger  is  then  carefidly  cleansed,  a  drop  of  the  staining  fluid 
applied  to  it,  and  through  this  the  finger  is  pricked  with  a  needle.  The 
flowin<v  blood  mixed  with  the  staining  fluid  is  brought  in  contact  with  a 
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V,r  The  Blood  in  Tertiai>  Ague  at  the  Commencement  of  an  Attack.  Stained  by  Aldehoff-.-< 

m!th;d  I  P  aslS  rLeucocyt.^  c.  Eosinoplul-Ieucocytes ;  c^.  Blood-platelets  (Qompen- 
Nation  e^e-piece  VIII.,  ap.chromatic  objective  .  m,n.,  apert.  ,.40,  homogeneous  ,mmevs>on,  Alhc  . 
min-or  and  open  condenser). 

cover-lass,  and  this  is  placed  preparation-side  downwards  upon  a  slide 
and  examined.  The  preparation  must  be  spread  in  a  very  tlun  layer, 
and  it  is  therefore  necessary  to  guard  against  evai-oration.  This  may  lx> 
done  by  sealing  the  edge  of  the  cover-glass  with  paraffin-wax.  It  may 
be  examined  first  with  a  fairly  wide  aperture  of  the  diaphragm,  and 
afterwards  with  an  open  condenser  and  a  good  oil-immersion  lens. 

The  Plasmodia,  whether  enclosed  within  the  red  corpuscles  or  lymg 
free  in  the  blood,  are  stained  a  distinct  blue  of  a  light  shade,  and  upon 
this  tlie  pi-ment  particles  whicli  they  exhibit  and  the  process  of  develop- 
ment whicJ  they  undergo  may  be  easily  discerned.  It  must  be  mentioned 
that  besides  the  i^lasmodia  some  red  corpuscles  wh,..).  are  free  from  tliem 
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may  also  take  the  stain,  but  with  a  little  attention  confusion  will  not 
arise  from  this,  since  the  corpuscles  in  question  are  stained  uniformly 
throughout.  Instead  of  normal  salt  solution,  diluted  and  sterilised 
ascitic  fluid  may  be  employed  for  mixing  tlie  methylene-blue  solution 
{Guarnieri  and  CelU). 

To  mount  a  permanent  ju-eparation,  the  blood  should  be  dried  in  a 
very  thhi  layer,  the  cover-glass  heated  for  some  time  in  the  usual  way, 
and  the  preparation  stained  in  eosin-methylene-blue  solution  {Chenzinsh/, 

Plehn's  solution  is  as  follows  : — 

A  concentrated  wateiy  solution  of  methylene-blue    .       .    60  parts 
solution  of  eosiu  in  75%  alcohol  .       .       ...       .20  parts 

Distilled  water  40  parts 

To  this  is  added  12  drops  of  a  2o7„  solution  of  caustic  potash. 

The  red  corpuscles  then  appear  a  light  red,  leucocytes  light  blue,  and 
their  nuclei  a  deep  blue,  the  eosinojihil  granules  of  the  leucocytes  a 
deep  red ;  the  parasites  of  malaria  are  stained  blue.  The  method  yields 
good  results.  ■ 

The  method  of  Aldehoff  and  Gabritscliewsl-y  for  staining  eosinophil 
cells  may  also  be  applied  for  the  detection  of  these  parasites  (fig.  34)  in 
the  following  manner  : — • 

On  cover-glasses  prepared  as  laid  down  at  p.  32,  the  blood  is  spread 
out  in  a  thin  layer,  and  they  are  then  immersed  in  a  concentrated  alco- 
holic solution  of  eosin  *  for  half-an-hour  in  the  cold,  or  for  2-3  minutes 
witli  heat,  removed  and  washed  with  <listilled  water,  then  again  stained 
liy  dipping  them  once  or  twice  into  a  concentrated  watery  solution  of 
methylene-blue,  and  fiuaUy  well  rinsed  Avith  distiUed  water.  It  is  neces- 
sary to  obtain  the  blood  rapidly,  and  to  conduct  the  process  without 
undue  delay.  If  this  precaution  he  neglected,  the  blood-plates  which 
make  their  appearance  (fig.  34  d)  may  be  thought  to  have  something  to 
do  with  the  disease.  R.  Paltauf  has  directed  attention  to  this  as  a 
source  of  fallacy,  and  it  may  possibly  explain  the  renuirkable  observa- 
tions of  Huchshif/er.-'^'' 

_  It  remains  to  be  noticed  that  Zo./ and  Pfdffer  ^"'^  have  discovered  in  the  blood 
m  SMALL-POX  certam  protozoa,  to  which  they  attribute  a  pathological  si..„i- 
ficauce.  ^  »  » 

2.  Vermes.-Under  this  heading  we  have  to  describe  Distoma 
hajmatobmm  and  Filaria  sanguinis  hominis.  Both  are  worms-the  first 
of  the  class  I'Udodes  and  order  Tre»,afodes'-or ;  the  second  of  the  class 
Atmehdes,  order  Nematodes,  family  Filar indea: 

1.  Distoma  Haematobium  (iig.  35)._i^,-tt„,.,2os  j,,,,  f„,„^^i  ^^^-^  j,.^^.^. 

*  Eosin  bliiulich  22,  Bayer,  Elberfeld. 
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«ite  ill  the  main  trunk  and  branches  of  the  portal  vein,  in  the  splenic 
and  mesenteric  veins,  and  in  the  venous  plexuses  of  the  bladder  and 
rectum.    As  the  result  of  his  iuvestigations,  he  came  to  the  conclusion 
that  more  than  half  the  adult  Fellaheen  and  Coptic  population  of  Egypt 
suffered  from  it.    Except  in  the  liood,  the  eggs  are  more  commonly 
found  than  the  parasite  itself,  and  this  in  the  liver,  the  lungs,  the 
bladder,  the  urethra,  the  large  intestine,  and  the  urine  (see  chapter  on 
Urine),  giving  rise  to  diarrhoea,  hsematuria,  and  ulceration  of  the  mucous 
surfaces  of  these  organs.    Distoma  haematobium  has  not  yet,  so  far  as 
we  know,  been  found  in  the  peripheral  blood-vessels,  and  on  this  account 
it  is  seldom  seen  in  the  microscopic  examination  of  the  blood  durnig  life. 
The  parasite  is  of  a  white  colour.    The  male  and  female  are  distmct 
individuals.    The  former  is  from  12-14  mni.  long,  the  latter  16-19  mm 
The  male  is  thicker  than  the  female.    There  are  oral  and  abdonnnal 
suckers  anteriorly,  and  the  genital  opening  in  either  sex  lies  close  behind 


F,G.  -  -  -Distoma  H.ematobiu.n.    M.le  and  Female,  with  Eggs,  from  a  pvepaiation  by 
^'  Dr.  Scliiess-Bcy. 

the  latter.  On  the  abdominal  aspect  of  the  male  is  a  deep  trench  with 
overlapping  edges,  which  begins  just  behind  the  abdominal  pore,  and 
serves  for  the  reception  of  the  female. 

The  e--s  are  slender  bodies,  about  0.12  mm.  long  and  0.04  mm. 
broad,  and  furnished  with  a  little  spike,  which  projects  from  tbe 
extremity  or  at  the  side. 

n-  %9  fiicnnvered  a  new  form  ol:  this  worm  at  Tamsiii  in  Formosa,  and 
.vf  f^^^^^^^^^^^^^  the  same  specie,  in  the  bloody  sputa  of  a  Chinese 

who  had  lived  for  a  long  period  in  Formosa. 

2.  Filaria  Sanguinis  Hominis.-TF..c-/.er.r      is         ^o  have  first 
discovered  this  parasite  in  Bahia.     Dr.  Lems^^  of  Calcrit  a,  at  all 
events,  was  the  first  to  describe  it  as  occurring  in  the  livmg  body. 
■  It  is  the  larva  of  a  filiform  worm,  which  in  the  mature  state  measures 
about  40  mm.  in  length.    According  to  ^o^.^^b  the  male  is  1^11. 
01",  and  carries  two  spicule.    The  larva,  as  it  is  found  in  the  bl  cul 
of  tire  living  subject,  is  0.0075  mm.  in  breadth  and  0-34  mm.  lo  g^ 
l  as  a  short  rolded  head,  with  a  tongue-like  appendage,  and  a  long 
^^::d  tail.    Erom  the  hinder  extremity  a  ribbon-like  proj.. 
and  when  viewed  with  a  high  power  of  the  microscope,  this,  ik 
:^alic  appendage,  is  seen  to  be  the  end  of  a  closed  sac  in  which  th. 
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animal  can  coil  or  extend  itself.  This  envelope  is  entirely  structure- 
less, but  the  contained  2:)arasite  is  seen  under  a  very  high  power  to  be 
transversely  striated  and  very  granular.  In  the  blood  the  animal  ex- 
hibits for  hours  at  a  time  the  liveliest  movements.^'*  At  first  it  seems 
to  be  homogeneous  and  transparent,  but  after  some  hours  its  motion 
ceases,  it  assumes  a  darker  tint,  and  the  granular  contents  of  its  body 
are  easily  discernible. 

The  parasite  is  rarely  found  elsewhere  than  in  the  blood  and  lymph 
of  persons  who  live,  or  have  lived,  in  the  tropics.  It  has  recently,  how- 
ever, been  met  with  in  temperate  climates.-" 

It  may  infest  the  blood  for  months,  or  even  years,  Avithout  giviiig 


Fio.  36.— Filaria  Sanguinis  Hominis  (after  Lewis  and  Leuckart). 

any  sign  of  its  presence;  but  commonly,  by  blocking  or  perforation  of 
capillaries  and  lymphatics,  it  leads  to  hsematuria  and  chyluria,  or  to 
hfemoiThage  and  lymphatic  exudation  in  different  organs. 

It  would  seem  that  the  parasite  is  often  conveyed  by  mosquito-bites  216 
FatricJc  Mamon,  Stephen  Maclmizie,  and  others,2ir  Have  shown  that  in 
persons  who  suffer  from  the  presence  of  FUaria  sanguinis  hominis,  the 
parasite  is  to  be  found  in  the  blood  only  at  certain  periods,  being  absent 
during  the  day,  and  abounding  especially  at  night.  Hence  it  is  im- 
portant tliat,  when  it  is  sought  for,  the  hlood  should  he  taken  from  tlie 
patient  at  mrjht,  and  forthwith  examined. 

VI.— CHEMICAL  CHANGES  IN  THE  BLOOD 

1.  Colouring:  Matter. -'i^-The  most  important  constituent  of  the 
blood  IS  the  Oxyhaemoglobin-the  combination  of  the  colouring  matter 
Avith  oxygen  which  is  formed  by  the  aeration  of  the  blood  in  the  lungs. 
Ihe  characteristic  spectrum  of  dUute  solutions  of  this  body  exhibits  two 
absorption-bands  between  D  and  K  (of  Fraunhofer's  lines).  The  band 
nearest  to  D  is  darker,  narrower,  and  more  strongly  marked  ;  that  next 
to  E  IS  less  .sharply  defined  and  broader  (fig.  37). 
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Wht'u  submitted  tn  tlio  action  of  .Icoxidisiug  substances,  oxylisenio- 
c-lobin  gives  place  to  Reduced  Haemoglobin.    The  spectrum  of  this  body 
Ts  characterised  by  a  single  band,  occupying  a  space  about  midway  b(^- 
.  tween  the  former  two  bands  (fig.  38). 
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Fig.  37.  -Speotniiu  of  Oxyliajmoglobiii. 

Under  the  action  of  acids  of  all  kinds,  of  strong  alkahes  and  even  of 
CO.,  ha^moglobm  is  broken  up  into  (i)  a  proteid  resembhng  glolulm, 
and"  (2)  the  iron-containing  body  knoAvn  as  Hsematin. 

The  spectrum  of  hsematin      alkaline  solution  shows  an  absorption- 


Bed.  Omnrjc. 


Yellow. 


Green. 


CyaiMuc. 


A~a  B  C  D 
AO       50    ,  60 

LIIIILI  U 


80    ,    90    ,  100  110 

l|i||iliiiiluilll'"l""i'i'" 


band  lymg  between  C  and  D  of  Fraunhof er's  -lines  (fig.  39)- 

solutiir  its  spectrum  is  identical  with  that  of  the  meth.moglobm  acid 

'"^mS"  hi  ^alkaline  solution,  when  treated  with  reducing  agent., 
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spectrum  sIiom's  once  more  tlip  tAvo  absorption-bands  of  th(!  alkaline 
solution  of  liEEUiatin. 

Hpeniatin  in  combination  with  liydrocliloric  acid  forms,  even  from 
minute  blood-traces,  microscopic,  highly  characteristic,  broAvn  rhombic, 
crystals  (fig.  41).  These  crystals  Avere  first  discovered  by  Teichmannr^^ 
They  are  of  the  utmost  importance,  iuasmucli  as  their  formation  affords 
an  admirable  test  for  blood-colouring  matter  under  the  most  A'aried  con- 
ditions.   We  shall  repeatedly  have  to  revert  to  this  later  on. 

To  test  for  haemin  crystals,  the  foUoAving  plan  may  be  adopted : — 
The  substance  supposed  to  contain  blood  colouring-matter  must  be  dried 
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Fig.  40. — Specti-um  of  Reduced  Iloematiu. 


(if  not  already  dry),  powdered,  and  placed  upon  a  slide.  A  crystal  of 
common  salt  is  then  added  to  it,  and  a  cover-glass  laid  upon  the  pre- 
paration. A  few  drops  of  glacial  acetic  acid  are  then  alloAved  to  fioAV 
beneath  the  cover-glass.  The  Avhole  is  heated  to  a  point  below  boiling, 
and  after  a  little  while,  if  the  substance  contains  blood  colouring-matter, 
hfemin  crystals  (fig.  41)  will  Ije  discernible  by  tlie  microscope. 

When  au  acid  solution  of  hajmatin  in  alcohol  is  treated  with  reducing  agents, 
a  series  of  colonring-matter  derivatives  are  obtained.    Of  these,  hevmatoporplijirm 


r 

Fig.  4i.-Teichmmin's  Jiiumiu  Crystals  (eyo-piooe  III.,  objective  8a,  Mcichcrl). 

(Uoppe-ScylcrY^^  and  licxahydro-luvmatnporphyrin  {.Ncncki-Sichcr)-^  have  been 
ah-eady  isolated.  If  hiematoporphyrin  be  acted  upon  with  tin  and  hydrochloric 
acid  m  an  alcoholic  medium,  it  yields  a  body  which  cannot  bo  distinguished 
chemically  or  by  its  spectrum  from  urobilin  (Uoppc-Scyler)."-'"-  According^to  C.  le 
Noheip^  however,  this  body  is  otherwise  not  identical  with  urobilin. 

This  substance  can  also  be  obtained  from  bilii-ubin  by  the  action  of  sodium 
amalgam  [Mahj):-^  There  is  another  important  derivative  of  hwmatin,  which  is 
apparently  identical  with  bilirubin.  This  is  Hsematoidin,  a  substance  first  dis- 
covered by  VircJww''"-'  in  extravasated  blood.    It  was  afterwards  found  in  old 
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cerebral  clots,  iu  splenic  infarctions,  blood  cysts,  &c.,  and  it  lias  been  met  with 
in  human  urine,  in  the  sputum,  and  fasces.* 

From  these  facts,  namely,  that  urobilin  can  be  formed  from  haematin  by  the 
action  of  reducing  agents,  and  that  this  substance  can  also  be  formed  from 
bilirubin,  AcncH  and  Sicber  have  established  very  simple  relations  between  the 
colouring  matter  of  the  blood  and  that  of  the  bile.  They  have  constructed  a  new 
formula  to  express  the  constitution  of  hajmatin,  and  from  this  it  would  appear 
that  hffimatin  is  changed  into  bilirubin  by  the  addition  of  two  molecules  of  water 
and  the  removal  of  one  atom  of  iron,  thus  : — 

C:,o    H3,    N4    O4     Fe  +  2  HoO  -  Fe     =     C3,.    H,,;  NjOu 


Haematin. 


Bilirubin. 


It  follows  from  this,  according  to  Ncncki  and  Sicber,  that  bile  pigment  is  formed 
from  the  colouring  matter  of  the  blood,  in  that  its  molecules  lose  iron  and  take  up  water. 
Latschenbcrrjer"-^  concludes,  from  experiments  which  he  performed  on  animals, 
that  bile  pigment,  or  rather  its  antecedents,  to  which  he  gives  the  name  of  Chde- 
(jlobin,  results  from  the  decomposition  of  blood  colouring-matter,  a  dark-coloured 
ferruginous  pigment  being  formed  at  the  same  time.  Choleglobin  is  elaborated 
both  in  the  tissues  and  in  the  interior  of  cells. 

It  seems  to  the  writer  not  unimportant  to  consider  these  views  here,  in  antici- 
pation of  much  that  will  have  to  be  said  later  on  concerning  the  colouring-matters 
of  the  blood  and  of  the  bile,  in  their  relations  to  one  another. 
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Fig.  42.— Spectrum  of  Metliiemoglobui  iu  Acid  and  Neutral  Solutions. 

The  colouring  matter  of  the  blood  forms  with  oxygen  another  com- 
pound, called  Methsemoglobin,22T  which  is  distinguished  from  oxyhsemo- 
globin  by  the  more  intimate  union  of  the  0  with  the  Hb. 

The  spectrum  of  methsemoglobin  in  acid  and  neutral  solutions  shows 
four  absorption-bands  (fig.  42),  one  well  marked  (between  C  and  D), 
the  other  three  in  the  yellow,  green,  and  blue,  being  less  easily  seen. 
This  spectrum,  as  aheady  said,  is  indistinguishable  from  that  of  acid 
h^matin  in  alcoholic  solution.  Any  possibility  of  confoundmg  these 
two  bodies  is,  however,  excluded  by  the  fact  that  when  metli(mnoglohin 
is  acted  upon  with  sulphide  of  ammonium,  its  spectrum  gives  place,  first, 
to  that  of  oxyhemoglobin  (fig.  37),  and  after  a  while  to  that  of  reduced 
hsemoglobin  (fig.  38) ;  whilst,  on  the  other  hand,  a  solution  of  lioimatin 
treated  with  ammonium  sulphide  yields  a  spectrum  exliibiting  two 
absorption-bands  between  D  and  E  (fig.  40).    In  alkaline  solution,  the 

*  See  the  chapters  on  these  subjects. 
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spectnuu  of  inethiBmoglobin  sllo^ys  three  bauds,  viz.,  a  narrow  one 
between  C  and  D,  but  close  to  the  latter,  and  two  broader  ones  between 
D  and  E  {Juderhohn):-'-^ 

1.  Blood-changes  in  Dyspnoea. — All  conditions  which  interfere  witli 
the  giving  off  of  COg  and  the  absorption  of  0  in  the  lungs  are  attended 
with  certam  characteristic  changes  in  the  blood. 

The  clinical  sjnnptoms  of  dyspucea  do  not  fall  within  our  pro^■iuce. 
They  result  directly  from  the  condition  of  the  blood,  which  shoe's  itself 
ui  the  appearance  of  the  patient.  The  arterial  blood  is  laden  Avith 
caibonic  acid,  and  in  consequence  has  a  darker  colour,  and  this  imparts 
a  bluish  hue  to  the  visible  surfaces — cheeks,  lips,  nose,  and  finger- 
tips. Microscopical  exammation  of  the  blood  shows  no  changes  of  a 
special  character.  And  further,  in  cases  of  the  most  severe  dyspnoea 
the  blood  is  never  so  deficient  in  oxygen  that  its  spectrum  exhibits  any 
considerable  change,  such  as,  for  instance,  the  disappearance  of  the  oxy- 
hasmoglobin  bands,  v.  Loos,  by  the  application  of  Henocque's  instru- 
ment, has  observed  a  notably  diminished  intensity  in  the.  oxyheemoglobin 
bands  in  three  cases  of  extreme  cyanosis,  while  the  proportion  of  con- 
tained haemoglobin  was  approximately  normal ;  and  it  is  probable  that, 
Avith  gTeater  familiarity  in  the  use  of  this  method,  we  shall  learn  to 
cUstinguish  quantitative  and  qualitative  spectroscopic  changes  as  a  result 
of  dyspnoea. 

2.  Blood-changes  in  Carbonic  Oxide  Poisoning.— In  carbonic  oxide 
poisoning  tlie  blood  undergoes  a  change  of  colour  which  is  appreciable 
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43.— Spectrum  of  Cnvboiiie  Oxide  Hajmoglobiii. 


by  the  naked  eye.  It  becomes  of  a  bright  cherry-red,  ahke  in  the 
arteries  and  the  veins.  Spectrum-analysis  shows  the  most  important 
Change  (fig.  43).  The  two  absorption-bands  of  oxyheemoglobm  are 
replaced  by  two  others  between  D  and  E,  but  placed  sliglitlv  nearer  to 
the  violet  end  of  the  spectrmn.  These  bands  indicate  tlie  lu'iion  of  the 
h^moglobm  with  carbonic  oxide.22n  ,,,a  the  most  important  quality  of 
h.s  union  IS,  that  these  lands  cannot,  as  in  the  case  of  o.v>,hcemofflobw, 
he  made  to  disappear  hy  the  action  of  deoxidisinff  agents  (ammonium 
sulphide,  Stokes'  fluid).  Carbonic  oxide  haemoglobin  in  the  blood  of 
the  living  subject  may  be  recognised  thus  :-A  few  cubic  centimetres  of 
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hlood  are  taken  from  the  patient  by  means  of  a  cupping-glas«,  and  mixed 
with  water.    Sulphide  of  ammoniun.  is  then  added,  and  the  solution  is 
placed  in  a  glass  vessel  with  parallel  sides,  or,  still  better,  he  blood 
itself  placed  by  means  of  Hdnocque's  apparatus  before  the  sht  o  1- 
spectrLope.    If  the  specimen  be  one  of  blood  poisoned  with  carbom 
oxide,  the  two  absorption-bauds  will  remain  in  spite  oi  the  admixtuK, 
with  the  reducing  agent,  sulphide  of  ammoumm.        ,     ,     _      .  , 
The  presence  of  carbonic  oxide  in  the  blood  can  also  Ije  determm  d 
by  the  foHowiug  chemical  test  :-To  a  quantity  of  blood  mixec  wrdi 
.  Iter  a  lo  per  cent,  solution  of  caustic  soda  is  added.  "^^^ 
ture  is  slowly  warmed,  a  cinnabar-red  colour  appears     Under  suuilai 
c'cumstances  a  solution  containing  oxyh.moglobui  will  turn  bro^vnisn- 

A  modification  of  this  test  has  been  suggested  by  Sall^^.sJ..^  ^ 
Wood  to  be  examined  is  diluted  with  water  to  twenty  times  s  u^, 
and  a  like  quantity  of  a  solution  of  caustic  soda  (sp.  ^'^l^^^ 
If- the  blood  contains  carbonic  oxide,  the  flaud  unis  firs  .  nte  «  u 
cloudy,  and  presently  a  bright  red;  when  allowed  to  stand,  led  flake. 
W  ^id  se  tie  upon  its  surface.  In  the  case  of  normal  blood  when 
WeHi  lis  wa^,  a  dirty  brown  colouraUon  results. 

,.na's  method^3.  ,    .0         ^       ^^^^^^ :f ^^^^^ 
■immonium  and  dilute  acetic  acid,    ilie  presence  ui 
In  be  shown  by  the  appearance  of  a  beautiful  red  colour,  whilst 
normal  blood  so  treated  turns  grey  or  greenish-gi-ey. 

KunM  and  Wel.el.^^^  employ  zinc  chloride,  or  '\-ry_ddu^^^^^^^^^^ 
nl.timim  chloride.    With  these  reagents  carbomc  oxide  blood  tuins 
t£Zf1^^  normal  blood  becomes  black.     Other  tests  recom- 
m  nied  by  Wel.el  are  potassium  ferrocyanide,  acetic  acid,  and  tannii. 
Z^^^es  the  b/ood  with  four  to  five  times  its  bulk  of  acetate  o 
which  causes  normal  blood  to  take  a  chocolate-brown  colour,  while 

..LS-Tl^  investigations  of  ^rt^.;-  ^^^^^ 
cinn  that  haemoglobin  wUl  enter  into  combination  with  H^S,  and  loii  i 
ribl^l  whiai  that  author  has  called  Sulphide  of  Meth..moglobi  . 
■  uttwever  noteworthy  that  in  the  severest  cases  of  poisoiiing  with 
H  S  r  wo  Isorption-bands  in  the  spectrum  of  oxyhemoglobin  are 
llab,  the  U\o  aobo  i  becomes  pecuharly 
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However  this  may  be,  such  a  compound  lias  not  yet  been  found  in  tho 
blood  0  men  or  amzna  s  poisoned  with  the  drug.  According  to  Hoppe- 
Seyler,-^^  he  union  of  hydrocyamc  acid  witli  ha3moglobin  is  of  a  very 
unstable  character,  the  resulting  body  readily  decomposing  wlien  crvs 
talhsed  or  m  presence  of  putrefaction. 

5.  Blood-changes  in  Poisoning  with  Chlorate  of  Potash.  - 
cluuul-^  discovered  that  when  potassic  chlorate  was  taken  in  ^reat 
quantities,  the  blood  was  profouncUy  altered,  the  most  notable  etf  ^ 
being  the  formation  of  a  sepia-like  decomposition  product,  which  wa 
afterwards  sho™  to  be  identical  with  the  meth^moglobii;  of  Hoppe- 
bey  er  mentioned  above.    Large  doses  of  chlorate  of  potash  cause  the 
production  of  metW^^^^^      itself  in  the  blood,  especially  o^Z^ 

exhibition  of  the  salt  is  not  attended  with  the  formation  of  metha^mo- 
g lobin  in  the  blood  of  the  living  subject ;  while  Marckancl  and  cZ^r 

-  ^  p-oiogic^^^^ii: 
^i^.     t^^t:^t:'  Analysis 

..globni,  if  pLcsent,  will  afford  ;::Sp:iVe  t^dr^thl 
M  tha^moglobin  is  produced  also  by  the  inhalation  of  n  tri  e  0   Z  d 
(Gamgee)  and  the  mjection  of  sodium  nitrite  intn  fi  7  ^ 

{Hoppe-Seyler),  as  well  as  by  kairiiiThaU  n  1  i  Wood-vessels -a 
iodine,  bromine,  turpentine    ^tW  ^^'".f  Py^'ocatechin, 

potash       Hayl.,,  L  ^^[^^  -d,  permanganate  of 

•  '  — ^         its  oxygen,  more  firmly  w  L  tla^^ 7" 
in  oxyhaimoglobin.    They  consetrupntlv  T  T  ! 

tion,  but  are  more  ...Mj  ZlIT^^ s  op  internal  respira- 
is  carbonic  oxide  h^mo  Jobin  'ndL  '  °^  ""'''''^'^^ 

blood  at  the  lungs.]  '        '°  '"''"^  P^™"*  ^^'^  aeration  of  the 

6.  Poisoning  with  Nitrobenzol  — Tf  i,oc  1 

poisoned  with  nitrobenzol  Te    pec  1^! ^ 

attributable  to  the  presence  of  h^n^  'IM  '^  ^^^-^-^-ges 

any  case  of  suspected  poisonin.  bv  2.  " 

l-'ood  should  ij  exami  J  m^hi^'"  ^  -^ect,  the 

7.  H^moglobin^mia.2*0-Bv  avil  ^  spectroscope, 
which  hemoglobin  is  foiuid  dLo  v  dfthe  iT'f  'I"- 
//<e.«o,^...-.„,,«,  .whenever  the  spl  en  .nd  tL  1  "  '^^ 
task  of  eliminating  the  materials  Wed "  om^^      T  T^f  ""^ 
Wood-corpu.scles  witbin  the  vessels                      ^lestruction  of  the  red 

The  presence  of  free  colouring-niatter  in  tl.  blood  may  easily  be 


^5  THE  BLOOD. 

determined  tl.us  :-A  little  of  the  l^lood,  drawn  from  the  patient  by 
means  of  a  cupping-glass,  is  placed  immediately  .n  a  ^^J^^^ 
allowed  to  remain  there  for  twenty-four  hours.    If  the  blood  is  noimal, 
pelcty  clear  yellowish-coloured  serum  will  settle;  whereas  rf  h.mo- 
1  Wmia  be  established,  there  will  be  seen  over  the  blood-cbt  a 
Lautif ul  transparent  ruby-red  stratum    The  ^ 
ease  of  normal  serum  a  feeble  '^1-on^txon-band  m  the  b  ue  pa^^^^ 
snectrum  (at  F),  said  to  be  due  to  lutem  {Thudzcuvi)       whilst  Mtn 

colonring  matter  it  sho.s  the  two  — -Ws^ 
oxyhemoglobin.    The  ^ol Wng  ^ W  ^^^^^ 
serum  is  made  to  coagulate  by  heating  it  to  ^o    80  L  i 
dissolved  colouring  matter  it  wiU  appear  of  a  more      ^^^'^l^  ^^ 
colour,  whereas  healthy  blood-serum  when  -^S^'l^^f  ^  ;f  ^ 
of  a  milky  turbidity.    This  method  serves  well  foi  the  detection 

'Tt^:^^::  of  C^es  m  the  colouring  Matter  of  the  Blood. 

8.  Kecognn^iui  referred  to  above  are  chiefly 

The  changes  m  the  character  of  he  1°°^  ji.tle 
to  be  estimated  by  means  of  the  spectroscope.      ^  e  y  1 


^  Fig.  44.-Henng's  Spectroscope  without  Lenses. 

•    .         f«  for  clinical  use  have  been  invented  by  Desega  of  Heidel- 

is  also  Yeiy  suitable  for  the  imrpose.  ^^^^ 
TO  use  cue  of  these.  ^^'^^^^^^^^  ,  the  a^tus 
slit  of  the  instmment.    ^e  teleseopic  davlicht  he  em- 

is  foeused  uutil  a  spectmm  is  clearly  '>;«"«i.  ™^  1°^! 
l>Med,  the  slit-li.e  ».-7;~l  °t;  hr  tested  is  theu  «xed 

lines  cleariy  ;'7;  JJ^Jtht  If  the  fluid  he  too  eoncentrated, 
between  the  apertae  and  he  U  ,^„,„ 
it  must  be  diluted  befovehaud        ™  salt  ov 

a  lamp  or  some  other  source  '°  >'  ,l„.tio„ 

spectra  with  the  aid  of  i;.i/enn!7s  practitioner  by  reason 
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Browning's  pocket-spectroscope,  and  shown  itself  to  he  cpiite  as  service- 
able. The  Icnsless  spectroscope  consists  of  two  tubes,  one  slidint^  within 
the  other,  and  of  about  2^  cm.  diameter.  Of  these,  the  outer  one  h 
closed  at  its  free  end  by  a  plate  in  which  is  a  slit  witli  a  parallelogram 
adjustment  (fig.  44  c).  The  two  parts  of  the  plate  which  support  this 
parallel  adjustment  carry  also  a  pair  of  clips  destined  to  hold  in  posi- 
tion a  rectangular  glass  vessel  or  test-tube  containing  the  fluid  to  be 
examined. 

The  tubes  are  lined  Avitli  black,  and  the  inner  one  (a)  is  provided  at 
if)  \Yith  a  diaphragm  to  intercept  reflected  light.  At  that  end  of  the 
inner  tube  which  is  turned  towards  the  observer,  a  prism  (d)  is  fixed 
in  such  a  position  that  the  spectrum  is  formed  in  a  plane  at  right  angles 
to  the  proximal  end  of  the  tube,  which  is  oblique,  not  vertical,  in  secti'on. 
In  using  the  instrument,  the  eye  must  be  directed  at  right  angles  to  this 
section,  and  not  in  the  long  axis  of  the  tube.  The  tubes  must  also  be 
adjusted  in  such  a  manner  that  the  spectrum  is  weU  defined  and  accu- 
rately rectangular. 

When  this  is  done  (by  manipulation  of  the  two  tubes),  a  small  but 
very  clear  spectrum  is  obtained,  in  which  the  yeHow  is  little  developed, 
but  which  very  plainly  exhibits  absorption-bands  such  as  those  of  oxy- 
haemoglobin  and  urobilin.  The  instrument  serves  admirably  for  the 
investigation  of  these  bodies  in  blood  and  urine.  Henocque's  apparatus 
IS  the  most  appropriate  for  the  examination  of  undiluted  blood  * 

2.    Proteids   of  the    Blood.— The  proteids  of  the  blood  are 
diminished  in  all  cases  in  which  the  total  quantity  of  that  fluid  is 
greatly  lessened-temporarHy,  therefore,  in  hemorrhages  of  all  kinds 
A  permanent  diminution  of  proteids  occurs  under  such  conditions  as 
disturb  unfavourably  the  balance  of  waste  and  repair,  whether  of  the 
blood  Itself  or  of  its  contained  albumin.    Thus,  in  aU  diseases  which 
are  attended  with  long-continued  and  excessive  destruction  of  proteids 
m  the  system  these  bodies  are  found  to  be  proportionaUy  wanting  in 
he  blood.    It  should  be  remarked,  however,  that  such  processes  must 
be  long  continued  before  this  effect  is  reached,  especially  where  the 
digestive  functions  remain  unimpaired.     As  a  rule,  a  diminution  of 
l^oteids  goes  hand  in  hand  with  an  unduly  watery  state  of  the  blood 

Soppe-Seyler's^^^  method  is,  perhaps,  the  best  for  determining  the 
proportion  of  proteids  in  the  blood;  but  we  shall  not  describe  it 
Icaltr'"'      "  '""^  --plicated,  and  its  results  are  not  altogether 

The  occurrence  of  an  absolute  increase  of  proteids  has  not  yet  been 
*  This  instrument  can  be  hud  of  I}othe,  of  Prague,  for  five  florins. 
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established  on  satisfactory  evidence.  A  relative  increase  is  known  to 
happen  in  such  diseases  as  are  attended  with  tho  withdrawal  of  water 
from  the  system  more  rapiiUy  than  it  can  be  supplied,  as  in  cholera  and 
acute  diarrhoea. 

In  pneumonia  and  erysipelas  there  is  an  increase  of  fibrin.  Hoppe- 
Seyler-^-  has  devised  a  method  for  the  estimation  of  the  quantity  of 
fibrin  in  the  blood,  which  is  at  once  simple  and  adapted  to  clmical 
purposes.    It  may  be  described  as  follows :— A  beaker  of  about  80  cc. 
capacity  is  provided  with  an  india-rubber  cap,  perforated  in  the  middle 
by  a  close-fitting  rod  of  whalebone.   These  are  dried  and  weighed.  Next, 
30-40  cc.  of  blood,  taken  from  the  body  of  the  patient  with  a  cuppmg- 
glass,  are  placed  in  the  beaker,  which  is  immediately  covered  by  the 
hidia-rubber  cap  and  its  whalebone  rod.    The  blood  is  then  defibrmated 
by  beatmg  it  up  with  the  whalebone  rod,  allowed  to  cool,  and  weighed. 
The  cover  is  removed,  and  the  beaker  filled  with  water  and  beaten  up 
ao-ain.    The  fibrm  is  aUowed  to  settle,  washed  with  a  solution  of  salt, 
and  placed  upon  a  filter  whose  weight  is  known.    Here  it  is  again 
washed  with  water  until  the  fibrin  is  almost  free  from  colouring  matter. 
It  is  next  boiled  with  alcohol  (to  dissolve  fat,  lecithin,  and  cholesterin), 
dried  at  iio°-i2o°  C,  then  cooled,  and  weighed  over  sidphuric  acid. 

E.  Ludwi.q'^'-''^  and  the  author  have  found  peptones  present  in  great 
quantity  in  the  blood  in  leuktemia.  Devoto,  on  the  other  hand,  failed  to 
detect  peptone  in  this  condition,  and  Dr.  Wagner  (of  Petersburg),  by 
examinin"  fresh  leukemic  blood  according  to  Devoto's  method,  Ukemse 
obtained  l  negative  result.  The  same  blood  in  a  state  of  decomposition 
showed  abundance  of  peptone.  In  a  second  case  in  which  the  author 
has  applied  Devotds  method  to  the  exammation  of  leuksemic  blood  no 
peptone  was  found,  and  the  same  blood  tested  after  death  by  this  method 
appeared  also  to  be  free  from  peptone,  while  Hoffmeister's  process  showed 
abundance  of  that  body. 

Further  investigation  is  needed  to  explain  the  diiiereut  results  alluded  to.  It 
is  most  likely  thaf  one  or  other  of  the  two  methods  will  serve  for  the  detection 
onro  ertain  peptones.  The  observation  of  Dcvoto  and  Wagner,  from  which  it 
aSars  that  B^vols  method  will  not  show  the  presence  o  peptone  in  leuksemic 
blood  which  has  been  drawn  during  life,  while  in  post-mortem  blood  wUl.  1^  of 
Tuch  rnterest.  In  a  third  ease-one  of  splenic  le;k«.mia--the  author  has  lately 
found  much  peptone  by  both  methods  in  the  blood  during  hfe. 

To  determine  the  presence  of  peptones  in  the  blood  it  is  necessary 
first  to  remove  the  other  proteids  by  the  action  of  metallic  oxides,  or  by 
cJagulation  with  ammonium  sulphate,  and  then  to  proceed  ui  the  manner 

indicated  in  the  chapter  on  Urine.  w  r  «•      a  "^5 

3  Urea.-Urea  occm,  o,>l,  i,.  traces  in  l.=al*y  Wood  (/.  P.ca,-.l)  - 
Tl,;fHi„g  ,acth,.a  .  ill  »rve  to  detect  it»  ,„-esenec  :-Blo.,. 


UREA. 

.liluted  witli  3-4  times  its  volume  of  alcoliol,  tlie  mixture  allowed  to 
stand  for  twenty-four  hours,  and  filtered.    Tlie  precipitate  is  Avashed 
on  the  mter  repeatedly  with  more  alcohol,  the  filtrates  ai'e  mixed,  and 
tlie  alcohol  distiUed  off.    The  residue  is  treated  with  nitric  acid,'  and 
tlie  resulting  crystalhne  pulp  allowed  to  stand  for  some  hours,  when 
tlie  crystal  masses  Avhich  have  formed  are  pressed  between  folds  of 
hlottmg-paper,  dissolved  in  water,  and  treated  with  carbonate  of  baryta 
until  carbonic  acid  ceases  to  form,  and  dried  on  a  water-bath  ■:  the  dry 
residue  is  then  extracted  witli  boiling  absolute  alcohol.    On  evaporation, 
the  urea  remains  in  long  slender  prismatic  crystals  belonging  to  the 
rhombic  system.    If  enough  blood  has  been  taken  (at  least  200-300  cc), 
or  if  the  blood  happens  to  contain  urea  in  large  quantities,  the  foUowiu" 
tests  may  be  performed  with  the  resulting  crystals  :—  ° 

1.  Dissolve  some  crystals  in  a  drop  of  water  upon  a  slide,  add  a  drop 
or  two  of  moderately  strong  pure  nitric  acid,  and  apply  a  cover-o-lass 
V  hen  looked  at  through  the  microscope,  the  characteristic  hexa-onal 
plates  of  nitrate  of  urea  will  be  seen.  ° 

2.  To  a  somewhat  saturated  solution  of  the  crystals  add  a  little 
nietaUic  mercury  and  a  drop  of  nitric  acid,  and  heat;  gas  (CO,  and 

IS  rapidly  evolved.  ^     \     2  / 

3.  Heat  the  dried  crystals  in  a  test-tube,  add  a  trace  of  caustic  soda 
and  a  drop  of  ddute  solution  of  sulphate  of  copper.  A  violet  colour 
(biuret)  indicates  the  presence  of  urea. 

solnt^rV/T1  "^r"  ''''''  '  fairly  concentrated  watery 

olution  of  furfurol  and  add  immediately  a  drop  of  hydrochloric  acid 
r.io  sp  gr.    A  play  of  colours  takes  place  from  yellow  through  green  ■ 
and  blue  to  purple-red  (Schify-^o  ° 

When  the  above  method*  fans  to  exhibit  the  presence  of  urea-as 

quantity  of  that  body  which  it  contains-resort  must  be  had  to  the 
n   o  accurate  process  of  Hopj^e-Seylerr^s  ^^^^ 
whenever  a  quantitative  analysis  of  urea  is  attempted. 

floated  on  T  sur  ace  of  .0  -  P'-chment-paper  dialyser.    This  is  tl>en 

remains  for  weTj  W  the  s,,.      T-'"  f  ""^^^"^  -^ere  it 

To  the  diffusaTe  s  a  iXd'an  r,?^  ^^^''^^  distilled  water. 
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fat«  The  purified  residue  is  then  dissolved  in  a  little  water  and  barium  car- 
bonate added,  next  evaporated,  the  residue  treated  with  boiling  alcohol  and 
filtered.  On  concentrating  the  filtrate  urea  crystallises  out,  and  may  be  sub- 
mitted to  the  tests  already  described.] 

Dr.  Miinzer  has  devised  the  foUowmg  plan  for  the  estimation  of  urea 
in  the  blood :— The  latter  is  treated  with  absolute  alcohol  and  filtered, 
&c  as  above,  the  alcoholic  extract  evaporated,  and  the  residue  dissolved 
in  4ater.    This  is  then  submitted  to  Hiifner's  process  (see  chapter  on 

Urine).  , 

The  method  is  not,  perhaps,  very  exact,  but  by  its  means  Munzer  has 
determined  the  presence  of  great  quantities  of  nitrogenous  bodies  ui  the 

blood  in  cases  of  uraemia.  .  n  i  *- 

Von  Schroder's  method  ^eo  is,  perhaps,  the  most  dehcate  of  aU,  but,  on 
accoimt  of  its  minute  details,  it  is  hardly  appHcable  to  chnical  purposes. 

Urea  is  found  in  hicreased  quantity  in  the  blood  whenever  its  elimi- 
nation is  interfered  with,  either  by  disease  of  the  kidneys  or  obstruction 
of  the  urmary  passages. 

V.  Schroder  has  shown  that  the  formation  of  urea  probably  takes  place  in  the 
liver. 

4  Uric  Acid  and  Xanthin  Substances. 

l'  Uric  Acid.-Garrod  found  uric  acid  to  the  amoimt  of  0.025- 
o  17.  in  a  thousand  in  the  blood  of  persons  suffermg  from  gout  It 
n;ust  be  observed,  however,  that  his  method  of  testmg  for  this  substance 
was  far  from  exact.  ^''^ 

TT.  took  about  -,o-^^  grms.  of  blood  and  allowed  it  to  coagulate.  Ten  cc.  of 
^  .v^rLen  mixed  with  a  dilute  acetic  acid  solution  in  the  proportion  of 

friv  pTcrhrhours  the  thread  was  covered  with  m-ic  acid  crystals, 
forty-eight  houis,  rne  OTecipitate  from  the  blood  with  alcohol,  and 

In  a  few  instances  only  ^f^s^J^^^jt^^^        blood  from  proteids  by  the 
apply  the  murexide  test,  f  /^l^  j;';y/;;^^ric  acid  by  iu*.;,  and  5aZto,..A-r. 

ss"^^2^:isrt^:i  of  unc  i..  ...uo^.^., 

the  acute  attack  of  gout. 

For  the  detection  of  uric  acid  in  the  blood,  the  foUowmg  procedure 
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before),  boiled  over  a  flame,  alloAved  to  cool,  and  filtered.  To  the  filtrate, 
when  cold,  is  added  a  little  sodic  phosphate,  and  it  is  then  submitted  to 
the  Ludivig-Salkowski  process.  Should  it  happen  that  the  pure  blood 
is  deficient  in  salts,  it  may  not  coagulate  on  the  water-bath  so  as  to 
yield  a  sufficiently  clear  filtrate.  This  may  be  remedied  by  the  addition 
of  a  little  common  salt. 

The  filtrate  obtained  by  the  SalkowsJci-Ludtcicj  process,  after  the 
adtlition  of  hydrochloric  acid,  is  evaporated  to  the  bulk  of  lo  cc,  and 
allowed  to  stand  for  twenty-four  hours;  then,  if  visible  crystals  are 
deposited,  these  are  obtained  on  an  asbestos  filter,  washed  first  with 
cold  water  and  then  with  alcohol. 

1.  Examine  some  of  the  crystals  under  the  microscope.  The  character- 
istic whetstone  forms,  and  sometimes  the  rliombic  tables,  of  uric  acid 
crystals  are  seen  (figs,  no,  in). 

2.  Some  of  the  crystals  may  be  submitted  directly  to  the  murexide 
test  (see  below).  If  tliere  should  be  no  precipitate,  or  only  a  very  slight 
one,  after  the  addition  of  nitric  acid,  the  fluid  containing  hydrochloric 
acid  should  be  evaporated  to  dryness  on  a  Avater-bath,  pure  nitric  acid 
added,  and  this  again  driven  off  by  heat.  To  the  residue  is  applied,  by 
means  of  pipettes,  at  one  part  a  trace  of  ammonia,  at  another  a  little 
caustic  soda  solution.  If  uric  acid  be  present  a  red  or  purple  coloration 
develops  at  the  spot  touched  by  ammonia,  and  a  blue  round  the  soda 
(murexide  test).  ISTitric  acid  in  the  test  may  be  replaced  by  bromine- 
water,  or  chlorine-'svater,  or  nitrous  acid  (v.  JaJcsch).^^'^  The  latter  serves 
parti cidarly  well.  The  use  of  bromine-water  or  chlorine-Avater  as  re- 
agents has  for  its  object  to  distinguish  between  uric  acid  and  the 
xanthiu  bases. 

The  quantitative  estimation  of  uric  acid  in  the  blood  may  be  effected 
in  the  same  way.  The  blood  is  first  freed  from  albumin,  and  SalJmcsJd 
and  Luchoig's  process  applied.-'''' 

The  blood  in  health  does  not  contain  uric  acid  in  appreciable  quantity- 
Certain  morbid  states  are  marked  by  its  appearance  there.  In  croupous 
pneumonia  it  may  amount  to  o.  008  gi-m.  in  1 00  grms.  of  blood.  It  is  present 
also  in  renal  disease  (acute  and  chronic  nephritis  and  contracted  kidney), 
in  severe  anaemia — finally,  in  all  conditions  which  induce  dyspnoea, 
notably  in  heart-disease  and  pleurisy.  It  is  absent  from  the  blood  in 
articular  rheumatism  and  typhoid.  It  would  appear  that  the  felwile 
state,  as  such,  never  leads  to  the  production  of  uric  acid  in  the  blood. 

From  what  has  been  said  it  follows  that  the  presence  of  uric  acid  in 
the  blood  is  not  characteristic  of  gout  alone,  and  that  it  has  not,  there- 
fore, the  diagnostic  significance  imputed  to  it  by  Garrod. 

2.  Xanthin  Bases. — Xanthin  substances  have  been  found  in  the 
blood  by  various  observers. ^cs    They  are  closely  allied  to  uric  acid,  and 
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the  principal  are  xanthin  and  hypoxanthin.  Very  probably  adenin, 
paraxanthin,  and  guanin  also  occur.  They  may  be  detected  in  tire 
hltrate  after  the  removal  of  uric  acid  in  Salkowsld  and  Lndwirfs  process, 
by  the  . modified  murexide  test  already  described  (p.  71),  and  by  washing 
the  coloured  residue  after  the  application  of  the  reagents  mentioned 
there  {v.  Jakscli). 

5.  Carbohydrates. 

1.  Grape-Sug"ar. — In  health  the  blood  contains  a  minute  quantity 
of  sugar.  To  detect  its  presence  there,  the  blood  must  first  be  freed 
from  proteids,  and  for  this  purpose  the  old  method  of  Claude  Bernard 
is  the  best.  The  blood  is  weighed,  and  its  own  weight  of  crystalline 
sodic  sulphate  is  added  to  it,  and  the  mixture  is  boiled  and  filtered. 
The  filtrate  may  he  tested  for  sugar  as  below.  Another  method  for  the 
removal  of  proteids  is  to  rub  the  blood  in  a  mortar  with  solid  ammonium 
sulphate,  and  filter.  In  this  case  also  the  filtrate  is  free  from  proteids, 
and  the  fact  may  be  ascertained  by  testing  it  Avith  alcoholic  solution  of 
zinc  chloride  (Aheles). 

1.  Moore's  test  will  serve  Avhere  sugar  exists  in  any  quantity.  (See 
chapter  on  the  Urine.) 

2.  Trommer's  test.    (See  chapter  on  the  Urine.) 

3.  The  plienyl-liydrazin  hydrochloride  test  is  the  best  for  detecting 
slight  traces  of  sugar  in  the  blood.  It  is  conducted  as  follows  (v. 
Jaliscli) :  — 

Add  together  two  parts  of  phenyl-hydrazin  hydrochloride  and  four 
parts  of  acetate  of  soda ;  add  water  and  heat.  Take  5  cc.  of  the  proteid- 
free  filtrate  (which  is  practically  a  saturated  saline  solution),  obtained 
by  Claude  Bernard's  process,  and  while  still  warm  add  it  to  5  cc.  of  the 
solution  prepared  as  above.  Place  the  mixture  in  a  test-tube  half  filled 
Avith  water,  heat  it  for  half-an-hour  on  a  water-bath,  and  alloAV  it  to 
stand.  Or  a  little  of  the  phenyl-hydrazin  salt  and  acetate  of  soda  may 
be  added  in  a  dry  state  to  the  warm  proteid-free  filtrate,  and  the  ])rocess 
conducted  as  described  above.  After  it  has  cooled,  when  examined 
under  the  microscope,  it  is  seen  to  contain  separately  and  in  clusters  the 
cliaracteristic  yellow  crystals  of  phenyl-glucosazon  scattered  amongst 
colourless  crystals  of  sulphate  of  soda.    (See  chapter  on  the  Urine.) 

To  determine  the  percentage  of  sugar  in  the  blood,  Fchlinrj's  fluid 
may  be  employed  (the  blood  having  been  previously  freed  from  proteids) 
in  the  manner  afterwards  to  be  recommended  for  testing  for  sugar  in  the 
urine,  and  the  polarimetric  test*  may  be  applied.  It  seldom  happens, 
however,  that  the  filtrate  contains  sufficient  sugar  to  be  apprecialile  with 


*  See  chapter  on  the  Urine. 
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tlie  polarimeters  at  present  in  use.  Lippwh's  instrument  is  tlie  most 
sensitive,  and  gives  the  best  results  in  tliis  connection. 

[Pavey's  method,  if  somewhat  tedious,  serves  well  for  the  estimation  of  sugar 
in  moderately  small  quantity.    The  process  may  be  divided  into  three  parts  :— i 
40  grms.  of  sodic  sulphate  are  placed  in  a  beaker,  and  20  cc.  of  blood  added' 
The  beaker  and  its  contents  are  weighed  ;  the  mixture  is  stirred,  and  about  30  cc' 
of  a  hot  concentrated  solution  of  sodic  sulphate  added.    The  mixture  is  heated 
till  a  coagulum  forms,  when  the  fluid  is  poured  off,  the  coagulum  washed,  and 
the  washings  added  to  the  fluid  in  another  vessel,  which  is  then  boiled  and 
filtered.    2.  The  filtrate  is  boiled,  and  an  equal  quantity  of  the  copper  test 
solution  added.    The  resulting  suboxide  of  copper  is  collected  on  a  glass-wool 
filter  and  washed.    It  is  then  dissolved  with  a  little  peroxide  of  hydrogen  and 
nitric  acid,  boiled  to  drive  off  the  excess  of  peroxide,  and  filtered  through  glass 
wool,  which  latter  must  be  carefully  washed.    The  filtrate  contains  the  copper  in 
the  form  of  nitrate.    3.  The  copper  solution  is  placed  in  a  vessel  into  which  a 
cylinder  of  platinum  foil  of  known  weight,  connected  with  the  negative  pole  of 
a  galvanic  battery,  is  suspended.    Within  this  a  platinum  spiral  is  made  con- 
tinuous with  the  positive  pole  of  the  battery.    The  current  is  allowed  to  flow  for 
twenty-four  hours,  when  the  cylinder  is  removed,  washed  in  distilled  water  and 
alcohol  and  weighed.    The  amount  of  copper  deposited  is  the  basis  of  a  simple 
calcu  ation    One  part  of  copper  corresponds  to  .567S  parts  of  sugar;  hence  the 
quantity  of  sugar  in  the  blood  used  may  be  obtained  by  multiplying  the  wei-ht 
of  copper  deposited  by  this  figure.  ' 

Claude  Bernard' s-^i  method  :-Place  20  grms.  of  crystallised  sodic  sulphate  in 
each  of  SIX  porcelain  capsules,  and  to  each  add  20  grms.  of  the  lilood  to  be  inves- 
tigated. Mix  the  blood  and  salt  together  ;  boil  them  till  the  froth  above  the  clot 
becomes  white,  and  the  clot  itself  is  free  from  red  specks;  weigh  again,  and 
make  good  the  loss  from  evaporation  by  addition  of  water.  The  whole  is  then 
p  aced  in  a  small  press  and  the  fluid  part  expressed,  collected  in  a  capsule,  and 
afterwards  filtered.  The  filtrate  is  placed  in  a  burette.  In  a  flask  place  i  cc.  of 
FeWing  s  solution,  and  to  it  add  a  few  small  pieces  of  caustic  potash  and  20  cc 
of  distilled  water  Boil  this  fluid,  and  from  the  burette  allow  the  clear  filtrate 
of  the  blood  to  drop  into  the  boiling  dilute  Fehling's  solution  until  the  latter 
loses  every  trace  of  its  blue  colour.  As  in  all  sugar  estimations,  the  process  must 
be  repeated  several  times  to  get  accurate  results.  Hence  the  reason  why  several 
capsules  are  prepared.  .cvexcii 

ThXrZ\^'  """"^'^  °*        '''''''''  - 
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in  grammes  the  weight  of  sugar  per  kilogramme  of  blood 

In  Seegen's  method,=V4  ^hich  may  be  taken  as  the  type  of  the  newer  methods, 
the  proteids  are  precipitated  by  ferric  acetate.  The  blood  is  diluted  with  8-io 
times  Its  volume  of  water,  acidulated  with  acetic  acid,  and  heated.  When  the 
precipitation  of  proteids  commences,  render  the  mixture  strongly  acid  by  the 
addition  of  acetate  of  soda  and  perchloride  of  iron;  then  add  suflicient  sodic 
carbonate  until  the  mixture  is  faintly  acid,  and  boil.  Allow  it  to  cool,  and  filter 
It  through  a  fine  cloth  filter,  free  from  starch.  The  filtrate  ought  to  be  clear 
i  he  residue  on  the  filter  is  washed  several  times  with  water,  and  the  remaining 
n''l«^°  f  ^P/essed  by  means  of  a  small  hand-press.  The  expressed  fluid  is  then 
mixed  with  the  clear  f.ltrate  if  the  mixture  has  a  slightly  reddish  tint  from  the 
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admixture  of  a  small  quantity  of  blood-pigment.  Add  a  drop  or  two  of  per- 
chloride  of  iron  to  precipitate  the  last  traces  of  the  proteids.  Filter  again.  The 
sugar  in  the  filtrate  is  estimated  in  the  usual  way  by  means  of  Fehling's  solution.] 

Ill  diabetes  large  quantities  of  grape-sugar  are  found  in  the  blood. 
Hoppe-Seijler describes  a  case  in  which  it  reached  as  high  as  0.9  per 
cent.  The  researches  of  Freund  2"c  would  make  it  appear  that  a  deoxi- 
dising substance — presumably  sugar — exists  in  considerable  quantity  m 
the  blood  in  cases  of  carcinoma.  This  has  been  substantially  confirmed 
by  TrinJcJer.^'^^ 

2.  GlyCOgen.—Salomon  and  Fr.  v.  Frerichs  -'^  have  studied  the  ques- 
tion of  glycogen  in  the  white  blood-corpuscles.    Gahritsclmoshj  ""^  dis- 
covered that  this  body  occurs  partly  in  the  protoplasm  of  leucocytes,  and 
partly  as  free  granules  in  the  blood  both  of  health  and  disease.    For  its 
detection  the  blood  is  spread  in  a  thin  layer  between  two  cover-glasses, 
and  dried  in  the  air.    A  concentrated  solution  of  gum  arabic  containing, 
in  100  grms.,  i  grm.  of  iodine  and  3  grms.  of  iodide  of  potassium,  is 
taken,  and  a  drop  is  allowed  to  flow  between  the  cover-glasses.  The 
presence  of  glycogen-containing  leucocytes,  which  are  the  same  as  the 
neutrophil  cells  described  at  p.  31,  and  also  free  granules  of  glycogen,  is 
made  evident  by  a  more  or  less  deep  brown  coloration,  whether  of  leu- 
cocytes or  granules.    In  health  the  blood  examined  after  meals  exhibits 
little  or  no  increase  of  glycogen.    In  diabetes  and  leuksBmia  the  glycogen 
reaction  is  very  pronounced  (see  Chaps.  IV.,  YII.,  YIII.). 

3  CellulOSe.-According  to  Freund^^^  the  blood  of  tubercular 
patients  contains  cellulose.  Eor  the  detection  of  sugar,  cellulose,  and  the 
carbohydrates  generally  in  the  blood,  the  process  of  Ba^mann  and 
Udransky^^  may  be  employed  with  advantage.  This  is  based  upon 
the  fact  that  the  carbohydrates  are  precipitated  from  their  watery  solu- 
tions by  the  addition  of  benzoyl  chloride  and  caustic  potash,  f  ormmg  insol- 
uble compounds.  This  combination  of  the  carbohydrates  mth  benzoyl 
chloride  when  treated  with  sulphuric  acid  yields  f urf urol,  a  body  which 
may  be  recognised  by  its  characteristic  colour-reaction. 

6   Opffanie  Acids  in  the  Blood  (Lz>m?cm/a>  -Tmces  of 

vofa'tile  faly  acids  are  sometimes  present  in  the  blood.  The  au  h<n-  has 
frequently  met  with  them.  For  their  detection  20-30  gmis.  of  blood 
are  taki  from  the  patient  by  means  of  a  cupping-glass,  an  equal 
wei-ht  of  sulphate  of  soda  added,  and  the  whole  boiled  and  ii  tered. 
Z  filt  ate  is  evaporated  to  dryness,  and  the  residue  ex  racted  with 
Tolute  alcohol.  The  alcoholic  extract  in  a  large  number  of  cases 
contained  no  fatty  acids,  but,  on  the  other  hand,  these  occurr  d  ni 
ZlcZL^re.  looked  for  in  fever  and  leukeemia,  and  occasionally  m 
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Lactic  acid  is  ulao  sometimes  met  with.  lS''oriiial  venous  blood  lias- 
been  said  to  contain  0.0079  P^i'  cent,  of  sarcolactic  acid  {Berlinerblaii). 
In  regard  to  the  latter  and  its  tests,  the  reader  may  be  referred  to  the 
statements  of  Hoppe-Seijler  and  Berlinei-blau.-^^  L.  Hougoumnq  has- 
foimd  ;S-oxybutyric  acid  in  the  post-mortem  blood  of  diabetes. 

7.  Lipsemia. — The  blood  invariably  contains  small  quantities  of  fat. 
While  digestion  is  in  jorogress  it  abounds  in  this  substance  normally ; 
but  a  permanent  excess  of  fat  is  also  a  lohenomenon  of  certain  morbid 
states.  The  blood  in  such  cases  is  altered  to  the  naked  eye.  It  is- 
turbid  and  usually  paler  than  in  health.  Under  the  microscope  a  num- 
ber of  minute  strongly-refracting  globules  are  seen  floating  amongst 
the  proper  cellular  elements.  The  white  corpuscles  also  often  contain 
fatty  particles.  [The  lipsemia  of  diabetes  gives  the  blood  a  pinV  or 
strawberry  colour,  and  on  standing  a  creamy  layer  collects  on  the 
surface.]  If  any  doubt  remains  in  a  given  case  as  to  the  nature  of  these 
particles,  the  addition  of  sether  will  settle  the  matter.  If  they  are  fatty, 
a  drop  of  aether  poured  upon  the  slide  wiU  dissolve  them  and  cause  them 
to  disappear. 

Lipsemia  has  been  met  with  in  chronic  alcoholism,  chronic  nephritis, 
and  severe  cases  of  diabetes.  It  also  occurs  in  Avounds  of  the  meduUary 
cavity  of  bones  (embolic  lipaemia)  when  fluid  fat  passes  into  the  blood. 

8.  Cholsemia. — By  this  term  is  meant  the  condition  in  Avhich  the- 
constituents  of  the  bile  are  found  in  the  blood.  In  this  connection  the 
biliary  acids  and  colouring  matters  (bilirubin)  are  the  points  of  chief 
interest  to  the  jjhysician.  And  of  these,  again,  the  biliary  acids  must 
probably  be  regarded  as  the  real  toxic  agents,  involving  great  possibili- 
ties of  mischief,  leading  to  the  disintegration  of  the  red  corpuscles,  and, 
as  a  consequence,  to  hasmoglobinsemia,  disturbing  the  innervation  of 
the  heart,  and  slowing  the  pulse.  Even  where  such  symptoms  are 
present,  however,  the  quantity  of  biliary  acids  in  the  blood  is  always- 
very  small— so  small  at  times  as  to  escape  detection  by  the  chemical 
method  presently  to  be  detailed.  This  method,  nevertheless,  deserves 
to  be  described,  since  it  Avill  serve  where  the  biliary  acids  exist  in  com- 
parative abundance  in  the  blood,  and  in  all  cases  where  the  secretions 
are  tested  for  bile.    We  shall,  therefore,  introduce  it  here  :— 

The  blood  to  be  examined  must  first  be  freed  from  proteids  by 
precipitation  with  alcohol,  or  boiling  it  after  dilution  and  iiltering. 
The  proteid-free  filtrate  is  treated  with  acetate  of  lead  and  ammonia. 
The  biliary  acids  combine  with  the  lead  and  are  precipitated  as  lead 
salts.  The  precipitate  is  washed  with  water  on  a  filter,  boiled  in 
alcohol,  and  filtered.  Carbonate  of  soda  is  added  to  decomiiose  the  lead 
salt,  The  solution  is  again  filtered,  evaporated  to  dryness,  and  the 
residue  extracted  by  boiling  with  absolute  alcohol.    ( )n  evaporation,  the 
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bile  salts  will  crystallise  out,  or  a  dull  auior[)li()U.s  .substauco  may  rc-- 
main,  from  which  the  crystals  can  he  derived  by  the  addition  of  aether. 
The  amorphous  substance  itself  may  be  tested  for  biliary  acids  by  Peiten- 
/to/er's  method.  This  test  depends  upon  the  reaction  of  cholalic  acid 
in  presence  of  cane-sugar  and  sulphuric  acid.  To  apply  it,  dissolve 
some  of  the  crystalline  or  amorphous  residue,  obtained  as  above,  in 
water;  add  two-thirds  its  bulk  of  sulphuric  acid  slowly,  so  that  the 
temperature  may  not  be  raised  above  60°.  To  the  mixture  now  add  a 
few  drops  of  a  solution  of  cane  sugar  (i  to  5  of  water),  and  a  beautiful 
violet  colour  indicates  the  presence  of  biliary  acids.  According  to 
Mylnis,-^''  tliis  test  depends  on  the  formation  of  furfurol  from  grape- 
sugar,  which  then  gives  a  play  of  colour  with  the  bile  acids.  The 
reaction  may  also,  therefore,  be  Avell  displayed  Avith  furfurol.^ss 

MacJiaij's ^-^  physiological  test  may  sometimes  serve  for  the  detection 
•of  these  substances  in  the  blood.  It  depends  upon  the  action  of  bile 
acids,  as  observed  in  experiments,  on  the  atropinised  frog's  heart. 

If  a  known  quantity  of  blood  be  taken,  the  proportion  of  bile  acids 
in  the  blood  may  be  determined  in  the  maimer  described  above.  Efforts 
have  been  made,  unsuccessfully,  to  base  an  analytical  test  upon  the 
polarisation  phenomena  of  biliary  acids. 

Bilirubin  may  be  recognised  by  testing  the  serum  obtamed  from 
Ijlood  which  has  been  allowed  to  coagulate  on  ice  by  any  of  the  methods 
described  later  on  {vide  chapter  on  the  Urine).  Huppert's  test  is  the 
best  for  this  purpose. 

The  same  thing  may  be  done  more  simply  in  a  manner  which  the 
<author  has  recently  adopted.    Blood  is  taken  from  the  patient  with  a 
cupping-glass,  sterilised  in  a  fairly  wide  cylindrical  glass,  and  allowed  to 
stand  for  an  hour  or  two.    The  serum  is  then  drawn  off  with  a  pipette 
forced  through  an  asbestos  filter  by  means  of  an  aspirator,  and  placed 
in  a  test-tube.  It  is  then  shaken  into  froth.   If  bile  pigment  be  present, 
this  froth  is  yellow.    In  all  other  cases  (as,  for  instance,  in  hsemoglobin- 
femia,  where  the  serum  itself  is  tinted)  the  froth  is  quite  colourless.^s" 
Moreover,  if  more  of  the  serum  be  now  taken  and  left  for  three  or  four 
hours  in  a  warm  chamber  at  35°  C,  the  development  of  an  intense  green 
colour  will  mark  the  formation  of  biliverdin.    A  mere  trace  of  bile  pig- 
ment will  cause  this  green  colour  to  appear,  whereas  normal  serum 
remains  unchanged.    A  still  simpler  plan     is  to  cause  the  blood-serum 
to  coagulate  slowly  at  7o°-8o°  C.     If  normal,  it  will  show  a  milky 
yellowish  tint ;  but  if  bile  colouring  matter  be  present,  this  is  replaced 
by  a  green  colour  of  varying  intensity,  according  to  the  proportion  of 
biliverdin  formed  from  tiie  bilirubin  during  the  heating.    In  this  way 
the  author  has  demonstrated  bile  pigment  in  the  l>lood  when  none  could 
be  found  in  the  urine.    He  has  also  observed  that  in  nearly  every  case 
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wlicro  urobilin  exists  in  tlie  urine,  ljilirul)iu  may  be  found  in  the  l)loo(l. 
This  is  an  important  fact,  as  showing  that  bile  pigment  circulating  in 
tlie  blood  is  transformed  in  the  system— probably  hy  the  kidneys— into 
urobilin. 

The  microscopical  examination  of  jaundiced  blood  generally  shows  nothing  un- 
usual. According  to  Silbcrmaiu),^-'-  this  condition  in  newly-born  infants  is  marked 
by  the  following  changes  :— The  red  corpuscles  are  more  or  less  disintegrated  ; 
they  are  often  pale,  or  exhibit  only  round  the  pale  centre  of  the  corpuscle  a  ring 
of  hemoglobin  of  normal  tint.  Blood-plates,  macro-  and  micro-cytes,  and  poik- 
ilocytes  are  to  be  seen,  together  with  nucleated  red  corpuscles  and  corpuscle- 
holding  cells.  In  a  case  which  came  under  his  own  observation,  however,  thfr 
author  failed  to  find  such  appearances.  They  are  not  to  be  regarded  as  constant 
in  jaundice. 

9.  Uraemia. — -Wlien  urinary  products  accumulate  in  the  blood, 
the  condition  is  termed  Uroimia.    The  retention  of  these  products  is 
marked  by  certain  well-defined  phenomena,  even  though  we  are  not  at 
present  able  to  refer  them  to  the  action  of  any  one  substance  in  parti- 
cular.   The  assumption  that  the  poisonous  material  is  urea,  or  carbonate 
of  ammonia  resulting  from  its  decomposition,  has  been  disproved.    It  is 
now  beheved  that  the  symptoms  of  ursemia  are  due  in  general  terms  to- 
the  excessive  accumulation  of  fixed  products  in  the  blood.    The  interest- 
ing researches  of  BoucharcV-^^  go  far  to  show  that  they  may  be  referred 
to  the  toxic  effects  of  certain  bodies  resembling  aUcaloids  (ptomaines) 
normaUy  existing  in  the  urine.    Stadthagen,  on  the  other  hand,  asserts 
that  no  such  substances  can  be  fomid  in  the  urine.    Urfemic  blood 
shows  an  increased  quantity  of  urea  and  extractives.    In  a  number  of 
cases  reported  l,y  IlorlaczeiosM,^^^  no  increase  in  salts  was  noted  cA-en 
ni  the  salts  of  potash.     The  author  himself,  as  also  Peiper,  has  in 
several  instances  observed  that  the  alkalinity  of  the  blood  was  greatly 
less  than  normal,^^^  and  in  some  cases  there  ^vas  an  excess  of  uric 
acid.       There  are  no  other  characteristic  changes  to  be  noticed  as 
occurring  in  the  blood  in  uremia. 

10.  Ammonisemia.-Of  this  condition  very  little  is  yet  known 
Irom  observations  hitherto  made,  it  would  appear  that  the  poisonous 
phenomena  are  due  to  the  action  of  some  body— probablv  an  alkaloid- 
introduced  into  the  system  by  absorption  from  the  diseased  bladder. 
It  would  be  essential  in  such  cases  to  examine  the  blood  for  ptomaines 
and  toxalbumins. 

11.  Acetonaemia.-This  term  is  applied  to  a  condition  in  which 
the  blood  IS  surcharged  with  acetone.  DeichmiiUer  and  the  author 
have  succeeded,  by  extracting  the  blood  with  a^tlier  and  sulisequent  di.s- 
tillation,  in  separating  from  it  a  substance  which  gives  the  reactions  ,.f 
acetone.  In  many  morlMd  states,  and  especially  in  fevers,  it  is  found  in 
considerable  quantity. 
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12.  Chang-es  in  the  Salts  of  the  Blood.— The  Llood  contains 

about  one-lialf  per  cent,  of  chloride  of  sodium, and  this  quantity 
remains  constant,  whether  much  salt  Lc  taken  with  the  food  or  not. 
Moreover,  Schenk^°'>  has  shown  that  in  fevers,  as,  e.g.,  imeumonia, 
where  the  chlorides  disappear  from  the  urine,  tlie  proportion  of  salt  in 
the  blood  is  not  notably  altered. 

In  rickets  and  osteomalacia  the  salts  are  diminished. 

The  blood  of  tubercular  patients,  according  to  Freund,^°^  is  relatively 
deficient  in  sodium  salts  and  phosphates,  whilst  at  the  same  time  the 
salts  of  potash  are  increased. 

The  tests  and  methods  for  the  qualitative  and  quantitative  analysis 
■of  the  salts  of  the  blood  are  to  be  found  in  the  various  text-books  of 
physiology  and  physiological  chemistry.^o^ 

[Note  on  the  Specific  Gravity  of  the  Blood.  -  Hammer  schla'fs  method  for  determin- 
ing the  specific  gravity  of  the  blood  is  a  modification  of  Koy's,  with  the  advantage 
that  it  can  be  much  more  rapidly  and  conveniently  applied.  A  mixture  is  made, 
in  a  suitable  vessel,  of  chloroform  and  benzol,  two  liquids  of  widely  differing 
specific  gravity  and  which  are  fi-eely  miscible.  In  this  mixture  a  drop  of  blood 
is  placed  and  by  the  addition  as  required  of  more  chloroform  or  benzol,  the 
densitv  of  the  liquid  is  altered  until  the  blood  remains  suspended  m  it.  When 
this  point  is  reached,  the  specific  gravity  of  the  liquid  is  ascertained  in  the  usual 
way  That  of  the  blood  is  of  course  the  same.  Chloroform  and  benzol  may  be 
supplied  from  two  pipettes,  and  the  whole  proceeding  may  be  accomplished  in  a 
few  seconds.  This  method  has  given  the  most  satisfactory  results  ;  and  it  dis- 
penses  with  the  troublesome  necessity  of  preparing  a  series  of  solutions.  ] 


CHAPTER  ir. 


THE  BUCCAL  SECRETION. 

The  saliva  is  a  mixed  secretion,  derived  in  part  from  the  nmcous  glands 
within  the  mouth,  and  partly  from  the  parotid,  submaxillary,  and  sub- 
lingual glands,  which  open  by  ducts  Avithin  that  cavity.  Any  dispro- 
portionate activity,  Avhether  in  health  or  disease,  of  one  or  other  of  these 
glands  Avill  be  attended  Avith  a  corresponding  modification  of  the  physical 
and  chemical  characters  of  the  saliva.^ 

[To  obtain  the  saliva  fairly  pure,  the  patient  should  be  made  to  Avash 
his  mouth  Avith  a  Avarm  solution  of  bicarbonate  of  soda,  and  afterwards 
Avith  cold  water.  The  inside  of  the  mouth  should  then  be  lightly 
touched  Avith  a  glass  rod,  moistened  Avith  dilute  acid,  and  the  secretion 
collected.] 


I.  NAKED-EYE  APPEARANCES  OF  THE  SALIVA.— The  sahva, 
when  freshly  taken  from  the  mouth,  is  a  colourless  or  light  blue  fluid, 
usuaUy  somewhat  thick  and  stringy.  When  aUowed  to  stand  for  some 
time,  it  settles  into  two  layers,  of  which  the  lower  one  is  quite  cloudy 
and  turbid,  and  contains  in  the  greatest  abundance  the  morphological 
constituents  presently  to  be  described. 

The  reaction  is  distinctly  alkaline.  [The  amount  secreted  daily  is 
variously  stated  at  from  800  to  1500  grms.] 

II.  MICROSCOPICAL  APPEARANCES. -The  saliva,  Avhen  examined 
Avith  the  nncroscope,  is  seen  to  contain  certain  morphological  elements 
in  varying  proportions.    These  are  :— 

1.  Salivary  Corpuscles.— These  bodies  resemble  white  blood-cor- 
puscles, but  ai'G  lai'ger,  and  their  protoplasm  is  usually  very  granular. 

2.  Red  Blood-Corpuscles.— These  are  seldom  met  with,  and  when 
they  occur  are  readily  recognisable. 

3.  Epithelium.— Usually  in  the  form  of  largo  irregular  squamous 
cells,  derived  from  the  mucous  membrane  of  the  mouth  and  tongue. 
The  quantity  of  epithelium  to  be  found  in  the  saUva  varies  greatly  in 
health ;  and  the  cells  exhibit  much  diHerence  in  shape,  according  as 
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they  come  from  the  superficial  or  tlie  deeper  layers  of  the  mucous  mem- 
brane. They  are,  however,  easily  known  Ly  their  polygonal  shape  and 
relatively  large  size. 

4.  Fungi. — Mould-  and  yeast-fungi  are  very  seldom  seen  in  the  saliva 
in  health  ;  when  they  occur,  it  is  as  an  accidental  constituent,  prohaljly 
introduced  with  the  food.  In  disease,  however,  their  presence  is  frequent. 
Fission- fungi,  on  the  other  hand,  are  met  with  in  great  number  and 
variety  in  healthy  saliva.  There  are  to  be  seen,  thickly  scattered  through 
the  secretion,  smaller  or  larger  colonies  of  micrococci,  of  which  some 
possess  the  property  of  staining  reddish  in  a  solution  of  iodine  and  iodide 
of  potassium.  W.  D.  Miller'^  describes  four  varieties,  which  he  lia.s 
named  lodococcus  magnus,  parvus,  vaginatus,  &c. ;  bacilli,  too,  of  varying 
size,  which  take  a  bluish  red  colour  with  the  same  reagent.  There  is 
also  an  organism  called  the  Spirochsete  buccalis,  which  occurs  in  ex- 


FiG.  45.— Buccal  Seoretion,  prepared  by  Friedliinder's  and  Giinlher's  methods  (eye-piecie  III., 
objective  Reichert  ,"5  ;  liomogeneous  immersion  ;  Abi<^s  mirror ;  open  condenser). 


«.  Epithelial  cells. 

b.  Salivary  coi'puscles. 

c.  Fat  drops. 

d.  Leucocytes. 


e.  S|)ii'OchsBte  biiccalls. 

/.  Comma  bacilli  of  the  oral  cavity. 

17.  Leptothiix  buccalis. 

!i,  i,  k.  Different  forms  of  fungi. 


tremely  mobile  spu-al  threads,  very  closely  resembling  the  spirillum  of 
relapsing  fever  ;  from  this  it  is  distinguished  chiefly  by  its  greater  breadth 
and  by  the  smaller  number  of  its  coils.  Forms  resembling  the  comma 
bacillus  are  frequently  found  in  the  saliva  {Leiois,  Miller).^  They  have 
been  obtained  in  considerable  numbers  from  the  secretion  {VignaJ).* 
As  many  as  twenty-one  different  micro-organisms  have  been  separated 
by  the  ordinary  methods  (see  Chapter  X.),  and  cultivated  on  plates  and 
by  inoculation,  and  their  behaviour  in  various  food  media  observed. 
Bion(li'->  has  recently  been  engaged  in  such  research.  According  ti) 
W.  D.  Millei;'^  the  following  list  is  a  summary  of  the  pathogenic  fungi 
which  have  hitherto  been  found  in  the  buccal  cavity,  part  of  these 
having  also  been  isolated  by  cultivation  methods  :— Leptothrix  buccali-s 
Vibrio  buccalis,  Spirochaete  dentium,  ISIicrococcus  tetragenus,  IMicro- 
coccus  de  la  rage  {Pasteur),  Micrococcus  of  septictemic  sputum,  the 
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fungus  designated  8  by  Miller,  the  bacillus  of  decaying  teeth  Bacillus 
crassus  sputigenus,  Bacillus  salivarius  septicus,  two  pathogenic  fission- 
fungi  not  yet  cultivated  (Kreibohm),  Staphylococcus  pyogenes,  albus  and 
aureus,  and  sahvarius  pyogenes,  Coccus  salivarius  septicus,  and  Bacillus 
septicus  sputigenus. 

Miller^  has  cultivated  over  fifty  different  fungi  obtained  from  the 
mouth.  A  special  interest  attaches  to  the  presence  in  the  mouth  of 
healthy  persons  of  the  bacillus  of  sputum-septic£emia.  Pure  cultivations 
of  this  bacillus  have  been  made  by  lUem,  Miller,  and  FranM  ^  and 
It  would  appear  to  be  the  same  which  the  researches  of  Franl^el  and 
Weicliselhauvi  indicate  as  the  specific  cause  of  pneumonia  (see  pp  120 
121).  The  observations  of  Lofflet-  and  Velter^  have  shown  that  other 
formidable  parasites,  as  the  baciUus  of  diphtheria,  Staphylococcus,  and 
streptococcus  pyogenes  are  normally  innocuous  denizens  of  the  mouth. 

is  ^P;™?"?^'"  ^  '^^•"P  °f  P^re  saliva  should  be  examined  as  it 

It  mai  hf  1-^.      Abbe's  condenser,  and  a  narrow  diaphragm 

It  may  be  seen  also  in  a  preparation  stained  by  Gunther's  process. 

Under  pathological  conditions  other  pathogenic  fungi  are  to  be  found 
m  affections  of  the  mouth;  as,  for  instance,  thrush-fungus,  Actinomyces, 
and  the  baciUi  of  tubercle.  Frcinkeno  i,,^  obtained  the  bacilhis  of 
typhoid  from  the  lingual  glands  in  a  case  of  death  from  that  disease, 
and  doubtless  our  acquaintance  with  such  forms  wiU  extend  with  our 
Knowledge. 

III.  CHEMICAL  CONSTITUTION  OF  THE  BUCCAL  SECRETION 

Z^^rTT"  ^''"^''^  «^       ^^iff^^'^-t  glands  by 

which  the  fluids  are  secreted.    There  are  to  be  found  traces  of  albumin 

s  Zb   T  ^'         .  ^  which  changes 

sta  ch  into  sugar,  and  a  trifling  amount  of  salts.    Oxygen,  nitrogen  aiid 
cai-bonic  acid  gases  have  been  obtained  from  parotid  sSiva  (Kia^n 

slll'in  lZ.       r"''"^'^  ^^"^      ^  ^^'^--^l  examiiiation  of  the 
hi  incre^r        w    r^"'^^  "  generally  diminished  rather 

2uid  bfrj  r-"\.     ^^^"^^ ''''  p'^i-t 
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Another  portion  n.ay  be  tested  .ith  solution  of  ^f^^^^^^  ^'^ 
sulphocyanides.    Should  such  be  present,  a  br.gh  red  col  u  app 
Jch  does  not  disappear  either  with  heat  or  on  ti^e  ^^J^^^^^^^^^^^^ 
If  the  red  colour  is  not  thus  obtained,  loo  cc.  of  the  saliva  ^^^^^^^ 

ntntrld  on  a  water-bath  and  tested  as  before  ^^on.^^^ 
a  sinnlar  cherry-red  colour  with  ferric  ch We,  and  hrs  ma      ■  o^ned 
from  the  saUva  in  cases  of  opium  poisonmg.    The  addition  i 
^Mrcuses  ..e  cole.  ^» '-^'T al-« — 

in  blood,  No.  3  {'^.  supra,  p.  72)- 

if  amylolytic  ferment  be  present.  ^^^^^ 

Nitrites  often  occur  m  saliva.    Th  y  may  be  ^  ^^^^ 

a  little  of  the  fluid  a  mixture  ^^^^^^  blue  colour 

dilute  sulphuric  acid,  -^-^/^^  ^^^^^^^^^^^  i,as  been  suggested  by 
will  be  seen.    A  very  ^^^^^  times  its  bulk  of 

Gre^ss^^  To  a  specimen  of  ^^^^f  ^  ™  ^^^^  ,ten  metadiamido- 
-tex,  a  few  drops  of  s^dphunc  ^^^^  an  intense  yellow 
benzol  which  melts  at  63  -L^e  au 

colour  shows  the  presence  of  mtrites. 

coNsim™.  or  ™  f^t^^^^ 

The  quantity  of  .aUva  is  d,m.^he«  ^  ^^^^^^^ 

glands  in  febrile  disorders  and  diabete^  ao  .^^ 

[In  high  fever  no  salrva  '^-"f^^^^ f/;,  „,  t^perature  its  dias- 
Ld  scant,,  and  usually  acrd  ^rd  w^^^^^^^  1  ^^^^ 

tatic  action  ^  lessened     The  s  jret  y^^,,  „j 

notably  by  beUadonna.     It  ;„  „,ercnty 

l,y  the  action  of  ILTl  the  irritation  of  carious 

[Ltrigenrinal  neuralgra]  ^^J—,Z^,,,i,onir.s  by  acids  and 
Lth    The  excessive  jf"*  than  to  any  specific 

alkalies  is  rather  due  to  rm  afon  ,,m 

ro^^uni!::™^— ^^^^^^^  -  ^ 
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causes  mentioned.  In  such  cases  probably  the  disturbance  is  due  to 
some  obscure  changes  in  the  innervation  of  tlie  glands.  Salivation  has 
occasionally  been  recorded  as  occurring  in  pregnancy  (Schramm). ^'^  [It 
is  frequently  met  with  in  liysterical  women.] 

These  are  the  cases  (referred  to  above)  which  afford  a  favourable 
opportunity  for  chemical  analysis  of  the  saliva. 

In  a  case  of  pfcyalism  which  the  author  observed,  analysis  of  the  saliva  showed 
that  it  contained  995.2  grms.  of  water  and  4.8  grms.  of  solids.  Its  reaction  was 
alkaline.  It  held  a  small  quantity  of  mucin,  traces  of  serum-albumin,  and  some 
sulphocyanides.  The  iodide  of  starch  test  showed  the  absence  of  nitrites  ;  and 
no  sugar  was  detected  by  phenyl  hydrazin  or  other  reagents  (Sallcoiuski).^'' 

Certain  diseases  are  attended  with  notable  qualitative  changes  in  the 
saUva.  [Its  reaction  may  be  acid  in  diabetes,  acute  rheumatism,  and 
mercurial  poisoning.]  is  In  nephritis  considerable  quantities  of  urea 
have  been  found  in  it  by  Wright,  Picarcl,  Mabuteau,^^  and  Fleischer.^^ 
For  its  detection  Fleischer  employs  the  foUomng  method  :— An  alcoholic 
extract  of  the  saliva  is  made  and  filtered,  the  filtrate  evaporated,  and 
the  residue  dissolved  in  amylic-alcohol.  Crystals  of  urea  remain  after 
evaporation,  and  may  be  recognised  by  any  of  the  tests  described  at 
p.  70.  Boucheron  21  found  uric  acid  in  the  saliva  of  uremic  patients  by 
employing  the  murexide  test  (p.  71).  In  such  cases  the  author  has 
tested  the  saliva  in  the  way  described  at  p.  71,  having  previously  pro- 
moted its  secretion  by  administering  pHocarpin,  and  has  never  succeeded 
in  finding  uric  acid  there. 

Bile  pigment  and  sugar  have  not  yet  been  found  in  saliva.  Even  in  that  of 
diabetic  patients  there  seems  to  be  no  sugar.  In  three  cases  of  diabetes  the 
author  has  carefully  tested  the  secretion  after  the  injection  of  pilocarpin  by 
means  of  the  phenyl-hydrazin  test,  but  in  each  case  without  any  result  '  " 

Certain  drugs,  and  amongst  them  iodide  and  bromide  of  potassium,  are  readily 
detected  in  the  saHva  soon  after  they  have  been  taken  into  the  system  ^-  (See 
chapter  on  the  Urine  for  the  method  of  investigating  this  body  ) 

n  ^J)VT^!^^       ^""^  °*  taken  from 

JMfc.  To  the  saliva  secreted  during  twenty-four  hours  dilute  HCl  is  added. 
The  mixture  is  Seated  for  two  hours  in  a  water-bath,  filtered,  and  the  filtrate  con- 
centrated to  half  its  bulk.  The  precipitate  on  the  filter  is  placed  in  a  beaker 
throe  parts  full  of  dilute  HCl  and  heated,  while  small  quantities  of  potassium 
chlora  e  are  added,  and  the  mixture  stirred  to  dissolve  organic  residue.  It  is  then 
filtered  and  the  filtrate  added  to  the  previous  one.  The  fluid  is  concentrated  to 
one-fourth  its  bulk.  It  contains  all  the  mercury  as  bichloride.  To  test  for  this  — 
I.  Place  a  drop  on  a  gold  or  copper  coin  and  touch  this  with  the  blade  of  a  knife  • 
a  bright  silvery  stain  results.  2.  Boil  some  of  the  fluid  with  pure  copper  foil 
mercury  is  deposited  on  the  foil,  and  may  be  volatilised  in  a  test-tube.] 

[V.  THE  SULPHOCYANIDE  OF  THE  SALIVA.-The  origin  and 
purpose  of  this  salt  in  the  economy  have  long  been  a  subject  of  specula- 
tion to  physiologists.    The  researches  of  Dr.  S.  Fenwick^^  have  invested 
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the  matter  with  a  new  interest,  and  their  results  go  to  prove  that  we 
have  in  the  variations  of  its  quantity  a  vduable  index  to  certain  states 
of  the  system.    He  has  collected  the  records  of  a  large  number  of  cases 
in  which  the  saliva  was  examined,  and  the  quantity  of  sulphocyamde 
carefuUy  compared.    This  was  done  by  noting  the  colour  produced  by 
adding  to  the  secretion  a  certain  quantity  of  a  standard  solution  o  per- 
chWe  of  iron.    For  the  purposes  of  comparison,  the  tint  so  obtained 
.ith  a  mixture  of  the  secretions  from  many  healthy  persons  is  taken 
to  indicate  the  normal  amount  of  the  salt,  and  a  scale  of  coW  i  pre^ 
pared  by  evaporating  and  diluting  the  fluid  to  certain  proportions,  and 

couvins  the  tints  in  each  case.  ,  j.-,       i  i  „ 

As  Tresult  of  his  observations.  Dr.  FeruoicJ.  concludes  ^^^^  f^^^^  ^ 
cyanide  of  the  saliva  is  a  measure  of  the  functional  activity  of  the  nutri- 
tive organs,  and  that  it  is  increased  in  general  whenever  an  nnusu 
demand  is  ^ade  on  them  by  the  necessities  of  the  system,  provided  tho 
orTans  are  capable  of  responding  to  the  caU,-in  the  ^^^^^ 
inSammation,  of  cancer  and  phthisis,  in  ^^-^^^^^'^'^^l^ 
from  alcohol  and  over-feeding,  in  acute  rheumatism,  gout,  ^^J^^' 
and  in  convalescence  from  typhoid  and  snnilar  diseases.    The  qu  nt^^^ 
is  diminished  in  aU  conditions  where  the  nutritive  organs  ^^^J^^^^ 
supply  the  requirements  of  the  system,  in  the  later  stage   of  phthisis 
aTmatnant  disease,  in  long- continued  diarrhcea  and^  dysentery,  m 
lldT  from  obstruction,  in  lead-poisoning,  and  in  ascites  and  snmlai 
rations  impeding  the  portal  ci^^dation,  and  where  tl_^ 
of-  food  is  imperfectly  performed.    Where,  m  connection  with  articular 
1—  t^e  sulplocyanide  is  greatly  in  excess,  a  tedious  recovery  is 
to  be  expected,  and  freqnent  relapses  may  be  feared  _ 

Dr.  LmcJc  beheves  that  the  sulphocyamde  is  derived  fiom  the 
composition  of  biliary  compounds  0  taurocholate  of  soda 

A  more  accurate  method  of  ascertammg  its  amount  is  to  coUect  tne 
.aHva~d  during  five  minutes,  ^^^^^^^^^^^^^^^^^^ 

cyanide  of  iron  caretuuy  «i  ^^^^^^  ^ 

and  the  solutions  to  be  compared  with  them,  snoum  .^.Zgcopic 
Se  The  flat-sided  vessels  or  h^matinometers  used  for  the  spectroscopic 
examination  of  blood  will  serve  well.] 

VT  TTTE  SALIVA  IN  SPECIAL  DISEASES. 

rcr.;t.s— ^^^^^^^^^ 

otherwise  unaltered.^^    [Its  reaction  is  acid.] 
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2.  Ulcerative  Stomatitis  {Mercurial,  Scorbutic,  ^T.).— The  saliva 
is  foetid,  dark  brown  in  colour,  and  strongly  alkaline.  It  is  loaded  with 
tissue  deMs,  leucocytes,  broken-down  red  blood-corpuscles,  and  various 
forms  of  fungi  in  abundance.  Friihivald  2^  believes  that  a  specific  bacillus 
which  he  discovered  has  a  special  relation  to  idcerative  stomatitis.  His 
contention,  however,  remains  to  be  proved. 

3.  Thrush.— The  presence  of  this  fungus  in  the  mouth  demands 
a  more  detailed  notice.  3"  It  occurs  most  frequently  in  children,  but 
is  common  also  in  adults,  especially  in  association  with  tubercidosis. 
Freundmlerg  2s  has  detected  it  in  healthy  persons.  It  used  to  be  taught 
that  the  sahva  of  thrush  is  always  acid ;  but  it  is  still  a  matter  of  doubt 
whether  the  acidity  is  not  due  rather  to  the  presence  of  other  micro- 


■  fi72  ■  ''■  ■      Epithelial  cells  ;  d.  Leucoeytes  ;  c.  Bcbvi.. 

(From  the  mouth  of  a  patient  with  a  weak  heart ;  eye-piece  III.,  objective  8a. 

lieicken). 

organisms  than  to  the  action  of  the  thrush  fungus.  Kehrer  has  shown 
that  the  latter  parasite  wiU  thrive  well  in  a  medium  where  no  free  acid 
exists,  as  in  lactate  of  sodium  or  potassium.  The  outset  of  the  disease 
IS  marked  by  the  formation  of  white  patches  on  the  mucous  membrane, 
and  when  examined  microscopicaUy,  these  patches  are  seen  to  enclose 
sharp-bordered  oval  cells,  each  having  one  or  two  nuclei.  The  cells  are 
disposed  in  gi-oups  of  two  or  three.  After  the  lapse  of  some  days  the 
patches  run  together,  and  form  a  membrane  which  may  cover  the  entire 
mticous  surface  of  the  mouth,  and  even  line  the  fauces  and  oesophagus. 

The  membranes  are  at  first  firmly  adherent,  l)ut  later  on  loosen,  and 
may  then  be  easily  detached.  When  examined  microscopically  they  are 
seen  to  consist  of  epithelial  cells,  leucocytes,  and  debris,  amongst  which 
the  parasite  appears  as  branching  ribbon-like  forms  composed  of  Ion- 
segments.    Each  segment  usually  contains  two  strongly  refractive  nuclei 
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cnbeddediua  clear  substance,  one  at  either  -•^-./^^/'^^^^^'^J^ 
in  length,  and  grow  shorter  towards  the  extrenuties  of  the  paras  te. 
They  are  for  the  most  part  homogeneous,  but  occasionally  finely  granuiai. 
TheL  are  also  to  be  seen  the  oval  bodies  figured  above,  which  are 
thought  to  be  the  spores  (conidia)  of  the  fungus. 

ThL  is  still  n.uch  dispute  as  to  the  place  of  the  f^^^J^^^^X  IXe 
table  kingdom.    Bees refers  it  to  the  yeast  fungi ;  J?  this 

identical  with  the  fungus  studied  by  ^''^^^""'"ll'^^^^^^ 
view,  regarding  it  (with  both  the  above-named  authors^  and  als^^^^^^ 
Elemperer^-^)  as  a  yeast  fungus.-   Accordmg  to  the  --y-^*.,^,,,  Sonilia 
of  Plauf''  the  thrush  fungus  is  identical  with  the  wiaeiy 
Candida. 

The  fungus  can  be  easily  examined  by  placing  part  of  the  loose  mem- 
brane with  a  little  glycerine  under  the  microscope. 


see  the  chapter  on  Pus.  oavciufe  in  the  buccal 

Fischer  and  Hauser^'^  have  repeatedly  found  saicin* 

mucus  of  wasting  diseases. 

.TTT  T^^IPOSIT  ON  THE  TEETH.-Tf  a  little  of  the  tartar  be  removed 
VII.  DEi''Joi->-  ui-^  J-"-"  .  ,  abound 

from  the  teeth  with  a  spatula  and  exammed,  it  wdl  be 

,-r,W  in  micro-organisms.    These  comprise  :— 
mainly  m  micro  0  g  ^^^^^^^     ,,^,U  numbers 

I.  Spuoclioite  buccaiis  [}n  /  ^  arranged 

i„  l„g„  "W»n-l'''°  '  named  BncUus 

M*-"    Ho  reioct.  the  view  that  it  has  the 

maximus  buccahs  by  Miueu  j 
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power  of  penetrating  dentine,  but  holds  with  other  observers  that 
dental  caries  is  brought  about  by  various  fungi,  both  cocci  and  bacilli, 
which  generate  acids  and  destroy  decalcified  dentine.  Mixed  up  with 
the  masses  of  Leptothrix  are  usually  to  be  seen  shorter  bacilli,  which  do 
not  stain  in  the  iodine  solution. 

3.  Various  forms  of  micrococci,  occurring  both  separately  and  in 
colonies. 

4.  A  large  number  of  leucocytes  and  epithelial  cells,  usually  showing 
advanced  fatty  degeneration  (fig.  45). 


VIII.  COATING  OF  THE  TONGUE.— i.  In  severe  infectious  dis- 
eases the  tongue  is  coated  with  a  hroimish  fur,  Avhich  consists  partly  of 
the  remains  of  food  and  partly  of  dried  blood.  Microscopical  examina- 
tion of  the  coating  removed  from  the  tongue  exhibits,  in  such  a  case, 
a  profusion  of  epithelial  cells  and  hosts  of  fungi  of  various  forms.  In 
addition  to  these,  there  is  a  multitude  of  dark  ceUular  bodies,  derived 
doubtless  from  the  corneous  and  exfoliated  epithelium  of  the  part 
{Bizzozero). 

Sckech,^^  again,  has  called  attention  to  the  occurrence  of  a  black  fur, 
which  is  probably  conditioned  by  the  formation  of  pigmented  papilla  on 
the  tonEfue."*" 

O 

2.  The  tongue  of  infants  is  normally  coated  with  a  toJiite  fur,  and  a 
similar  ajspearance  is  found  in  adults  when  the  stomach  is  deranged. 
Microscopical  examination  shows  epithelium,  a  few  salivary  corpuscles, 
and  very  many  fungi. 

[Dr.  Dickinson*^  has  recently  investigated  the  nature  and  significance  of  the 
various  morbid  coatings  of  the  tongue.  He  believes  that  a  just  conclusion  can- 
not be  arrived  at  from  the  inspection  of  material  scraped  from  the  surface,  and 
his  method  was  to  obtain  post-mortem  sections  through  the  substance  of  the 
tongue,  associating  the  microscopical  with  the  naked-eye  appearances  during 
life.  Thus  it  is  seen  that  the  different  varieties  of  coating  distinguished  as 
"stippled,"  "coated,"  "plastered,"  "furred,"  and  "encrusted,"  are  all  alike 
derived  from  excess  and  alteration  of  the  epithelial  elements  of  the  tongue ; 
the  change,  where  most  profound,  extending  first  between  the  papillse,  and  then 
deeper,  with  hypernucleation  of  the  deep  cells  of  the  corium  and  the  diapedesis 
of  leucocytes.  The  presence  of  non-pathogenic  fungi  is  common  to  all,  and  may 
be  regarded  as  accidental ;  even  the  thrush  fungus  occurs  independently  of  the 
grosser  changes  to  which  it  commonly  gives  rise.  The  conditions  of  dryness 
and  moisture  greatly  modify  both  the  character  of  the  coat  and  its  significance 
as  a  symptom.  The  colour  of  the  encrusted  brown  variety  is  due  to  dryness 
alone,  while  at  the  same  time  it  must  be  mentioned  that  a  profusion  of  micro- 
organisms is  especially  associated  with  this  form.  Clinically  the  fact  of  most 
importance  is  the  thickness  and  exuberance  of  the  coating,  and  a  comparison 
of  instances  has  shown  that  such  redundancy  is  especially  connected  with 
pyrexia.] 
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IX.  COATING  OF  THE  TONSILS.— The  examination  of  morbid 
deposits  upon  the  tonsils  is  sometimes  of  the  utmost  importance  in 
diagnosis. 

1.  Croupous  and  Diphtheritic  Tonsillitis.  -  The  membrane 
covering  the  tonsils  both  in  croup  and  diphtheria  is  composed  of  glisten- 
ing homogeneous  fibrin,  disposed  in  the  form  of  a  network,  of  which 
the  meshes  vary  in  shape  and  size,  and  enclose  epithelial  cells,  blood- 
and  pus-corpuscles,  and  micro-organisms  of  every  description.  The 
differences  between  croupous  and  diphtheritic  membrane  cannot  be  dis- 
tinguished by  microscopic  examination  alone,  as  was  formerly  taught. 
In\oth  cases  whitish  layers  are  found  on  the  tonsils.    It  should  be 
mentioned,  liowever,  that  E.  Wagner  discriminates  between  croupous 
and  diphtheritic  tonsiUitis,  in  that  the  removal  of  the  membrane  m  the 
former  affection  leaves  the  underlying  tissues  simply  hypersemic  and 
infiltrated  with  serum,  while  in  the  diphtheritic  form  a  hfemorrhagic  or 
even  sero-purulent  infiltration  remains. 

Hitherto  e^'en  the  newer  bacteriological  methods  of  investigation  have 
.not  thrown  much  light  on  the  subject.  The  observations  of  Roux  and 
Vm  Zmivilw,  Spronck,  Wintgens,  and  van  den  Brink,  Faltauf  and 
KoUsl-o,  Usckerich,  Klnn,  and  BecA;-^  fully  confirm 
baciUus  first  discovered  and  described  by  Klebs  andLr#er«is  to  be 
reo-arded  as  the  cause  of  diphtheria. 

°G  v.-  Hofmann-WellenUmx^^  shown  that  a  micro-orgamsm,  morpho- 
loc^icallyandin  its  life-history  closely  resemMing  thebaciUus  of  A/eis  and 
llffler,  occurs  in  the  mucous  membrane  of  diphtheria  patients.    This  he 
has  named  the  pseudodiphtheria-baciUus.    Kolisko  and  Faltauf,  whose 
observations  have  been  confirmed  by  those  of  others,  have  again  caUed 
attention  to  a  multiple  infection  in  this  disease-Strepto- and  Botryo- 
cocci  being  found  in  tlie  interstices  of  the  tissues,  and  diphtheria-bacilh 
on  the  surface.    These  discoveries  tend  somewhat  to  discount  the  signifi- 
cance of  the  diphtheria-baciUus  as  distinguished  by  Loffler's  indications 
More  hopeful  are  the  researches  of  Roux  and  Fmm,  Brieger  and 
FrcMcel,  Wasserma^m,  Froskaner,^'  which  teach  us  that  these  fimgi 
elaborate  proteid  substances  (toxalbumins)  of  a  very  poisonous  nature 
When  a  Ltliod  has  been  discovered  by  which  it  wiU  be  possibl 
to  isolate  these  substances,  either  from  pure  cultivations  of  the  fuii^ 
or  from  the  diseased  tissues,  we  shall  probably  be  m  possession  of 
a  more  certain  and  simpler,  and  for  that  reason  clhiically  more  ser- 
vic'L,  diagnostic  resource  than  is  afforded  by  the  present  cultivation 
rcesse's.    Meanwhile,  the  method  of  d'Espine  and  A-   e  Man^^^^^^^^ 
adopted  by  Baginshj,^'  serves  the  purpose.    A  portion  of  the  diphthei 
i  membrane  i  removed,  washed  in  a  2  per  cent,  boracic  acid  sohi^ion, 
immersed  in  Loi^ler's  blood-serum.    This  consists  of  3  1-ts  blood, 


COATING  OF  THE  TONSILS. 


89 


r  jiart  bouillon,  with  i  pev  cent,  of  peptone,  common  salt,  and  grape- 
sugar.  The  resulting  cultivations  sliould  then  sliow  the  characters  of 
the  diphtheria-bacillus  ;  and  Baginshy  is  of  opinion  that  this  is  twofold, 
corresponding  to  two  distinct  clinical  types  of  the  disease.  Of  the  latter 
the  more  formidable  is  induced  by  the  presence  of  Loffler's  baciUu.s, 
while  milder  attacks  are  characterised  by  the  presence  within  the  tissues 
of  Streptococcus  and  Staphylococcus. 

The  author  no  longer  has  doubts  as  to  the  specific  characters  of  the 
diphtlieria  bacillus,  and,  with  Kolisko  and  Paltauf,  he  would  urge  the 
necessity  of  classing  together,  under  the  name  of  Synanche  Contagiosa, 
all  those  cases  of  -so-caUed  croup  and  diphtheria  in  ^vhicll  the  bacilli 
mentioned  above  are  to  be  found. 

Peters*''  discovered  gregarina-like  bodies  (Coccidium  oviforme ;  see  chapter  on 
the  Faces)  in  diphtheritic  membrane  stained  with  alum-carmine  and  picric  acid. 
This  fact  is  noteworthy,  but  further  observation  must  show  in  what  relation  these 
forms  stand  to  the  disease  in  man. 

2.  Phapyng-orayeosis  leptothPicia.  —  A  special  interest  has 
recently  come  to  be  attached  to  the  nature  of  the  plugs  which  block 
the  tonsillar  crypts.  They  are  found  in  almost  every  healthy  person, 
and  consist  of  epithelial  cells  and  of  long  segmented  fungi,  Avhich  stain 
bluish-red  with  the  iodo-potassic-iodide  solution.  In  certain  conditions 
these  micro-organisms  extend  outside  the  follicles,  and  cover  the  surface 
of  the  tonsils  with  patches  of  varying  size.  They  then  give  rise  to 
subjective  symptoms,  and  their  appearance  may  be  mistaken  for  a  com- 
mencing attack  of  croupous  or  diphtheritic  tonsillitis.  They  may  be 
readily  recognised  under  the  microscope  by  their  reaction  with  the 
iodine  solution,  as  mentioned  above,  and  the  course  of  the  disease  will 
afford  a  further  indication  of  their  nature  (Th.  Hering).'^^  0.  CJiiari*^ 
is  of  opinion  that  this  affection  is  not  one  sui  generis,  but  should  merely 
be  regarded  as  a  modification  of  Angina  follicular  in,  in  which  such 
products  are  always  found. 

One  or  two  minutes  in  the  iodine  solution  suffice  to  develop  the  bluish-red 
colour  in  a  specimen  containing  leptothrix.  This  colour  disappears  in  from 
twenty-four  to  seventy-two  hours. 

Dr.  0.  Chiari  has  called  the  attention  of  the  author  to  the  fact  that  yellowish 
plugs  which  do  not  contain  leptothrix  are  often  to  be  found  in  the  crypts.  In  a 
very  hard  concretion  from  the  tonsils,  found  on  chemical  examination  to  consist 
of  carbonates  and  silicates,  the  author  met  with  splendid  specimens  of  lepto- 
thiix. 


CHAPTER  III. 


THE  NASAL  SECRETION. 

I  NAKED -EYE  AND  MICROSCOPICAL  CHARACTERS- 
CHEMICAL  CONSTITUTION. -Considering  tlie  great  quantity  of 
glandular  tissue  with  ^vllich  the  nasal  passages  is  furnished,  the  secre- 
tion in  health  is  remarkably  scanty.  J  ,^li.,tprl 

Normal  nasal  mucus  exhibits  microscopically  squamous  and  ciliated 
epithelium  in  abundance,  isolated  leucocytes,  and  an  enormous  profusion 

^'Tweilen  has  described  a  curved  bacillus  obtained  from  the  na.al 
secretion  of  healthy  persons,  which,  when  cultivated  m  nutrient  gelatme 
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n..  48.-Nasal  Mucu.  (eye-piece  111.,  objective  8-.  /'"c;|«-0. 
„  CiUatedepiU>eUun>;      Leucocytes;  .  Encysted  cocci ;  U.  BaclU;  c.  Jhoococc. 

an  alkaline  reaction.  It  »bon„as  in  mucin,  ln.t  „ther.-.sc  notlnng 
definite  is  known  aljout  its  chemical  constitution. 

,T  T^v  <?EaEETION  IN  AFFECTIONS  OF  THE  NASAL  OAVI- 
.^^S."ft  tfe"  an  attack  0.  acii. 
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tolkaline  fluid,  and  this,  when  examined  under  the  microscope,  is  seen  to 
consist  of  a  great  m;mber  of  epithelial  cells  and  fungi. 

Where  suppuration  is  in  progress  within  the  nose,  the  secretion  par- 
takes of  the  character  of  pus,  and  is  seen  microscopically  to  consist 
almost  entirely  of  pus  cells.  Occasionally,  as  in  cases  of  wounds  per- 
forating the  cranium  and  in  brain  tumours,  cerebro-spiiial  fluid  may  be 
discharged  through  the  nose.  Nothnagel^  has  reported  a  very  inte- 
resting case  of  this  kind.  Under  such  circumstances,  chemical  analysis 
showing  the  absence  of  albumin  and  the  presence  of  sugar,  or,  at  least, 
of  a  reducing  substance,  will  determine  the  diagnosis.  The  import- 
ance of  the  evidence  so  obtained  in  connection  Avith  cerebral  tumours 
is  evident. 

It  is  very  necessary,  in  all  cases  of  ulceration  of  the  mucous  membrane 
of  the  nose,  to  look  for  certain  of  the  pathogenic  fungi  already  known 
to  us. 

Thus,  if  it  be  a  question  whether  a  particular  ulcer  is  tubercular  or 
not,  a  little  of  the  discharge  may  be  removed  with  the  help  of  the  nasal 
speculum  on  a  carefully  sterilised  platinum  spatula,  and  examined  for 
tubercle  bacillus  in  the  manner  indicated  at  p.  104. 

Again,  the  discovery  of  the  characteristic  bacillus  of  glanders  in  such 
a  discharge  will  obviously  determine  the  diagnosis  of  that  disease. 
This  bacillus  may  be  sought  for  in  the  same  manner  as  in  the  examina- 
tion of  blood  (p.  46).  If  this  be  not  enough,  fungi  may  be  cultivated 
on  Koch's  plan  (see  Chapter  X.) ;  or,  finally,  in  case  of  doubt,  they  may 
be  propagated  in  one  of  the  lower  animals,  when  a  definite  conclusion 
win  be  arrived  at. 

E.  Frdnliel  ^  and  Hajek  ^  observed  various  forms  of  fungi  invariably 
present  in  the  discharge  of  the  chronic  ulcerative  processes  luiown  as 
ozsena.  Loioenherg,^  on  the  other  hand,  found  that  one  large  species  of 
diplococcus  was  almost  the  only  form  present  in  such  discharge,  and  he 
regards  it  as  characteristic  of  ozsena. 

I'ost '  and  Lowenherg  ^  have  shown  that  bodies  resembling  the  pneu- 
monia-coccus occur  in  the  nasal  secretion  (fig.  48,  c).  H.  v.  Schrotter 
and  Winldei'^  have  isolated  the  Staphylococcus  cereus  flavus  and  another 
similar  micro-organism,  which  they  designate  albus,  from  the  nasal  dis- 
charge in  coryza.  The  discovery  is  obviously  of  no  importance  unless 
it  can  be  shown  that  these  forms  do  not  occur  in  health. 

In  a  few  cases,  thrush-fungus  and  vegetations  have  been  found  in  the 
nose.  Mould-fungi  in  this  situation  are  another  rare  manifestation 
{Schubert). '^^  Ascarides  and  other  entozoa  are  very  seldom  seen  there. 
Proskauer  believes  that  he  has  found  the  embryo  of  Oxyuris.  The 
statement  is  very  doubtful.  Dipteral  larvae  are  of  most  common  occur- 
rence {B.  FninMy^ 
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The  Charcot-L  eydtn  crystals  foimel  in  blood  and  sputum  have  also 
been  met  with  in  the  nasal  secretion  of  an  asthmatic  patient.  Leyclen  " 
observed  them  associated  with  eosinophil  cells  in  the  nasal  mucus  in  a 
case  of  acute  coryza,  and  Sticker  in  blood  discharged  from  the  nose  in 
leukEemia,  after  it  had  stood  for  some  days.  Leioy  has  described  them 
in  connection  with  nasal  tumours  (polypi). 

Concretions  (rhinoliths)  occasionally  form  in  the  nasal  cavities  (0. 
Cliiari,  Seifert).^'^ 


CHAPTER  IV. 


THE  SPUTUM. 

Under  the  term  expectoration  or  sputum  ^  are  comprised  all  those  sub- 
stances "which  are  removed  from  the  air-passages  by  the  raechanical  elFort 
of  coughing  or  hawking. 

I.  NAKED-EYE  CHARACTERS  OF  THE  SPUTUM.— The  naked- 
eye  appearance  of  the  sputum  will  often  afford  valuable  information ;  and 
that  this  may  be  as  accurate  and  exhaustive  as  possible,  it  is  well  to 
collect  the.  expectoration  in  glass  vessels,  after  NothnageVs  plan,  and 
then  to  examine  it  as  to  its  quantity,  specific  gi-avity,  reaction,  colour, 
smell,  and  tendency  to  stratification. 

The  quantity  of  expectoration  discharged  in  twenty-four  hours  varies 
mthin  broad  limits.  Sometimes  it  does  not  exceed  a  few  cc. ;  in  certain 
conditions,  on  the  other  hand,  as,  e.g.,  Avhere  an  empyema  is  discharging 
into  the  Ivmg,  as  much  as  800  to  1000  cc.  may  be  expectorated  in  twenty- 
four  hours. 

H.  Kossel^  determines  the  specific  gravity  of  the  sputum  in  the 
following  manner  : — The  sputum  is  placed  in  a  flask  stoppered  to  pre- 
vent evaporation,  and  gradually  heated  to  60°  C.  It  is  thus  reduced  to 
a  thinly-fiuid  state,  and  is  placed  in  the  pycnometer.  The  specific  gl■a^^ty 
is  seen  to  vary  within  very  broad  limits, — for  mucous  sputum,  1.0043- 
1.0080;  for  purulent,  1.0155-1.0260 ;  and  for  serous,  1.0375.  The 
question  of  density  has  in  no  case  any  clinical  interest. 

The  reaction  of  the  sputimi  is  always  alkaline. 

In  some  diseases,  as  in  abscess  and  gangrene  of  the  lung,  there  is 
marked  stratification  of  its  parts  (see  p.  121). 

The  colour  of  the  sputum  depends  partly  upon  its  microscopical  and 
partly  upon  its  chemical  character.  When  it  consists  entirely  or  chiefly 
of  mucin  and  a  few  cells,  it  is  whitisli.  Green  sputa  are  usually  puru- 
lent, but  the  presence  of  biUverdin  or  of  pigment-forming  bacteria  may 
also  impart  this  colour. 

.  The  odour  of  the  sputum  is,  for  the  most  part,  not  characteristic ;  but 
in  putrid  bronchitis  and  gangrene  of  tlie  lung  it  has  a  particularly 
pungent  and  unpleasant  smell. 

93 


94  THE  SPUTUM. 

For  many  purposes  it  is  convenieiit  to  collect  the  sputum  in  a  cylin- 
drical glass  vessel  containing  water.  In  this  way,  for  instance,  the 
nummular  arrangement  is  made  apparent.  In  other  cases,  again,  cer- 
tain constituents,  as,  e.g.,  spirals,  fibrinous  coagula,  and  shreds  of  tissue, 
may  be  made  more  evident  on  a  dark  surface,  such  as  that  of  a  polished 
black  plate.    A  very  suitable  plate  has  been  devised  by  Kroeniy.^ 

[The  expedient  of  hardening  the  sputum  and  examining  it  in  sections 
was  first  adopted  by  Ad.  Schmidt,  and  lately  revived  by  Gahritschetvshj.^ 
As  fixing  and  hardening  fluids  the  latter  employs  alcohol,  Midler's  fluid, 
riemming's  solution,  picric  acid,  and  sublimate  in  concentrated  forms. 
The  hardened  sputum  is  embedded  in  celloidin  for  cuttmg,  and  the 
sections  stamed.  This  method  is  valuable  for  the  detection  of  some  of 
the  constituents  of  the  sputum,  which  may  be  destroyed  by  pressure 

under  a  cover-glass.]  ,   .    -,  .  i  j 

Although  much  knowledge  of  a  disease  may  be  derived  from  a  naked- 
eye  inspection  of  the  sputa,  it  wiU  never  enable  us  to  dispense  with  the 
aid  of  the  microscope,  by  means  of  which  alone  we  can  diagnose  certain 
affections-some  forms  of  tuberculosis,  for  instance-with  the  utmost 
certainty. 

II  MICROSCOPICAL  EXAMINATION  OF  THE  SPUTUM. 

1  White  Blood-Corpuscles. -These  bodies  are  always  foimd  m 
larc'e  numbers  in  the  sputum,  commonly  embedded  in  a  viscid  stringy 
substance.  Many  of  them  are  of  large  size  and  granular,  and  enclose 
within  them  drops  of  fat  and  particles  of  pigment,  such  as  carbon  dust 
and  masses  of  h^matoidin  (see  fig.  49,  e).  In  cases  where  an  abscess  has 
discharged  into  the  lung,  and  in  purulent  bronchitis,  such  as  is  met 
with  in  connection  with  emphysema,  the  sputum  may  consist  entn-elj 

'^2?  Red  B100d-COPpUSCleS.-These  are  also  to  be  foimd  in  almost 
all  sputa,,  and  their  presence  in  small  naimbers  is  ^^^^^ 
In  persons  who  smoke  a  great  deal,  or  who  spend  much  of  hen  time  in 
an  atmosphere  of  tobacco-fumes,  the  sputa  are  apt  to  be  streaked  ^ th 
blood  in  the  morning.  This  blood,  however,  proceeds  m  most  cases, 
not  from  the  lung-tissue  proper,  but  from  the  bronchial  mucous  mem- 
brane  and  is  due  to  catarrh. 

men  red  blood-cells  are  present  in  very  eonsitoblo  qn.ntrty  ,e 
,„I  will  be  eoloared  by  then.  The  individual  cells  are  nsnally  mtet, 
Ifrnt I  hty  depart  tronr  the  condition  in  which  they  are  fonnd  rn 

:L"and  f Js.  in         -  .r^x  i:! 

llTrrrir^e"  e„rpnscles  rnaydis- 

l^pL"  and  the  pignrent  remain  in  the  spnttun  either  aa  rrregrdar 
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particles  or  as  red  crystals  of  hsematoidin  (see  fig.  49,  e).  The  sputum  of 
pneumonia  derives  its  colour  from  blood-pigment  dissolved  in  it. 

rinally,  it  is  to  be  noted  that  in  haemorrhage  from  the  lungs  the 
sputum  consists  entirely  of  red  corpuscles ;  in  congestion  the  blood  is 
intimately  mixed  with  mucus. 

3.  Epithelium. — The  sputum  abounds  in  epithelial  cells.^  Squamous 
cells  (fig.  49,  h)  come  either  from  tlie  mouth  or  from  the  surface  of  tlie 
true  vocal  cords.  Ciliated  epithelium  is  less  often  seen,  and  occurs 
chieily  in  severe  bronchial  inflammation,  when,  too,  it  is  probably  derived 
rather  from  admixture  with  nasal  mucus  ^  than  from  the  surface  of  the 
trachea,  which,  as  is  well  known,  is  lined  Avith  ciliated  epithelium.  The 
cells  as  found  in  the  sputum  are  usually  deprived  of  their  cilia  (fig.  49,  c), 
unless  in  quite  recent  expectoration,  when  cilia  in  actiA'e  motion  may 


Fig.  49. — Epithelium,  Leucocytes,  and  crystals  of  the  Sputum  (eye-piece  III.,  objective  8a, 

Jieichert), 

a,  a',  a".  Alveolar  epithelium,  b.  Myelin  forms,  c.  Ciliated  epithelium,  d.  Crystals  of 
calcium  carbonate,  e.  Hjematoldin  crystals  and  masses.  f,f',f".  White  blood-corpuscles. 
g.  Red  blood-corpuscles.   !>.  Squamous  epithelium, 

still  be  seen  on  them.  The  mere  presence  of  such  cells  in  the  sputum 
is  of  little  diagnostic  import ;  but  where  they  occur  in  great  numbers 
they  may  be  taken  as  indicating  the  commencement  of  acute  catarrh, 
either  in  the  back  part  of  the  nasal  foss«  or  in  the  trachea  and  bronchi. 

But  there  is  another  variety  of  epithelium  whose  appearance  in  the 
sputum  is  a  fact  of  great  importance.'''  It  is  known  as  "  alveolar  "  epi- 
thelium, a  name  which  will  serve  provisionally,  although  its  derivation 
from  the  alveoli  of  the  lungs  has  lately  been  called  in  question  {Bizzozero)^ 
It  consists  of  elliptical  cells,  each  containing  one  nucleus,  which  usually 
requires  acetic  acid  to  make  it  visible.  The  body  of  the  cell  is  of  finely- 
granular  protoplasm,  and  very  often  holds  irregular  pigment  particles  in 
its  substance.  These  particles  consist  usually  of  blood  colouring-matter, 
iron  dust  or  carbon  (fig.  49,  a').  In  the  last  case  they  are  unaftected 
by  reagents  generally.    Iron  dust  may  be  known  by  its  turning  blackish- 
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green  with  sulphide  of  aiiunonium,  or  blue  witli  yellow  prussiate  of 
potash  and  hydrochloric  acid.    These  cells  often  contain  one  or  more 
fatty  granules,  readily  recognisable  by  their  high  refractive  power,  and 
at  times  they  exhibit  extreme  fatty  degeneration  (fig.  49,  a,  a"),  when 
their  protoplasm  is  replaced  by  oily  drops  of  varying  size.  Sometimes 
large  bodies  like  drops  of  fat,  presumably  derived  from  the  rupture  of 
these  cells,  are  to  be  seen  in  the  sputum  (fig.  49)  ^')-    They  were  first 
observed  by  Virclwio,^  who  named  them  myelin  droplets,  from  the 
resemblance  they  bear  to  similar  forms  produced  in  the  destruction  of 
nerve  tissue.    According  to  Panizza,'^^  however,  this  myelin  (which  is 
only  the  outward  form  of  a  considerable  number  of  different  substances) 
is  probably  anucin ;  and  in  his  opinion  no  diagnostic  importance  attaches 
either  to  myelin  or  to  niyelin-holding  ceUs. 

Buhl^'^  thought  that  the  appearance  of  alveolar  epithelium  in  the 
sputum  was  characteristic  of  the  disease  which  he  has  named  desqua- 
mative pneumonia.  It  is  certainly  a  fact  that  such  cells  are  to  be 
found  in  great  profusion  only  in  quite  fresh  specimens  of  caseous  uifil- 
tration  of  the  lung,  Avhether  due  to  bacilli  or  not ;  but  then  they 
occur  also  in  pneumonia,  in  chronic  bronchitis,  and  in  chronic  pul- 
monary tuberculosis ;  sometimes,  too,  in  very  large  numbers.  It 
foUows  from  their  manifestation  in  processes  differing  so  entirely  that 
their  diagnostic  significance  is  on  the  whole  slight. 

[Troup^^  beheves  that  the  presence  of  alveolar  epithehum  in  the 
sputum  belongs  especially  to  obstinate  catarrhs  of  the  apex,  Avhen  it 
wHl  be  found  associated  with  columnar  and  ciUated  ceUs ;  he  observes 
that  since  such  catarrhs  tend  for  the  most  part  to  run  into  phtliisis,  we 
have  in  this  an  early  and  valuable  sign  of  impending  danger.]  There 
is  a  special  form  of  alveolar  epithelium,  consisting  of  large  flat  ceUs  con- 
taining a  golden  yellow  and  brown  pigment  (faiUng-heart  ceUs,  Wag7ier), 
whose  presence  in  the  sputum,  according  to  F.  A.  Hoffmann,'"'  only 
occurs  in  valvidar  heart-disease  and  adherent  pericardium.    They  are 
absent  from  the  sputum  in  phthisis  and  pneumonia,  and  they  may 
therefore  be  taken,  in  doubtful  cases,  to  point  to  brown  induration 
of  the  lung.    Whilst  agreeing  in  general  with  Hoffmann's  view,  the 
author  would  insist  that  in  the  processes  just  mentioned  the  sputum 
exliibits  ceUs  containing  black  pigment,  which  chemical  exammation 
has  shown  to  be  a  derivative  of  blood  colouring-matter.     Such  cells 
were  noticed  long  ago  by  /.  Sommerh'odt,^^  who  described  them  as 
brown  alveolar  epithelium.     He  is  in  accord  with  Hoffmann  as  to 
their  meaning.    Lenhartz^^  has  observed  them  most  frequently  ni  con- 
nection with  mitral  stenosis,  and  regards  them  as  metamorphosed  blood- 
corpuscle-holding  round  cells  (lymph  corpuscles).     Kronig^-^  endorses 
Hoffmann's  view. 
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To  exiiniine  the  sputum  for  epithelium,  a  small  quantity  should  be 
treated  with  acetic  acid,  to  bring  the  nuclei  and  nucleoli  into  view ;  or 
a  specimen  may  lie  stained  Avith  a  Avatery  scjlution  of  methylene  blue. 

4.  Elastic  Fibres.— These  fibres  occur  in  the  sputum  singly  or 
in  bundles,  and  they  have  commonly  an  alveolar  arrangement  (fig.  50). 
They  are  of  varying  length  and  breadth,  dark-coloured,  slightly  curved, 
and  generally  exhibit  a  double  contour.*  Their  diagnostic  value  is  great, 
as  a  sign  of  serious  mischief,  pointing  to  destruction  of  lung-tissue. 
They  occur,  consequently,  in  tuberculosis,  bronchiectasis,  pulmonary 
abscess,  and  occasionally  in  pneumonia,  while  the  other  signs  of 
abscess  are  wanting.  The  author  has  repeatedly  found  elastic  fibres  in 
cases  of  pneumonia  which  otherwise  ran  a  favourable  course,  and  he 
supposes  that  in  such  cases  there  Avas  destruction  of  the  pulmonary 
parenchyma  only  over  a  very  limited  area.    It  is  a  notable  fact  that 


Fig.  50.— Elastic  abres  iu  tlie  Sputum  (eye-piece  III.,  objective  8a,  Rdchert). 

these  fibres  are  rarely  to  be  met  with  in  the  expectoration  of  jndmonary 
gangi-ene,  and  the  reason  probably  is  that  they  are  destroyed  in  dtu 
by  the  ferments  formed  in  that  process.  The  fact  was  first  noticed 
by  Trauhe. 

Elastic  tissue  may  be  introduced  with  the  food,  and  so  find  its  way 
into  the  sputum.  A  necessary  precaution,  therefore,  is  to  direct  the 
patient  to  wash  the  mouth  carefully  after  food,  and  to  separate  the 
sputa  discharged  at  meal-times  from  those  to  be  examined  for  lung- 
tissue.  Even  when  every  care  has  been  taken,  however,  one  is  exposed 
to  fallacy  arising  in  this  way,  as  fibres  derived  from  the  food  may  lie  in 
the  mouth  for  days  before  they  are  expectorated.  It  is  only  iclien  the 
huncUes  of  elastic  fibres  display  the  alveolar  arrangement  that  we  can  he 

*  The  figure  is  taken  from  a  case  of  pulmonary  abscess  which  was  for  several 
months  under  treatment  in  Professor  Nothnagel's  clinic. 
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certain  of  their  origin  in  the  pulmonary  alveoli,  and  it  is  then  only  that 
they  possess  any  sure  dia(jnoslic  significance. 

For  their  detection,  when  they  occur  in  considerable  quantity,  it  will 
suffice  to  add  some  potash  solution  to  a  little  of  the  sputum  placed 
on  a  sUde.  A  stiU  better  plan  is  that  proposed  by  Fenivic/,:,  who  boils 
the  sputum  in  a  solution  (8-10  per  cent.)  of  caustic  potash,  aUows  the 
mixture  to  stand  for  twenty-four  hours  in  a  conical  glass,  and  examines 
the  sediment  for  elastic  fibres  under  the  microscope. 

rProlonged  boiling  in  caustic  potash  will  cause  the  elastic  fibres  first  to  swell 
up  and  then  to  dissolve.  Consequently  the  boiling  must  not  be  too  long,  and  I)r. 
Troup  recommends  that  when  the  sputum  is  placed  on  a  slide  the  cover-glass 
should  remain  undisturbed.] 

5.  Spirals.— Certain  spiral  bodies  were  first  observed  by  Leydenis 
in  the  sputum  of  patients  suffering  from  asthmatic  paroxysms. 


Fig.  si.-Spin.ls  from  the  Sputum,  in  a  case  of  bronchial  Asthma  (actual  siice). 

They  were  afterwards  described  by  Cnrsehmann^^  as  pathognomonic  of 
disease  of  the  finest  bronchial  tubes;  and  since  then  they  have  been 
seen  by  0.  Vierordt,  v.  Jaksch,  Pel,  and  Sanger;-<^  in  the  sputum  of 
pneumonia.  More  recently  Lewy  [and  Troup  have  written  on  their 
occurrence  in  asthmatic  paroxysms. 

Kovacz^^  has  seen  them  in  pulmonary  c^dema,  and  aermah^  "^T.fd^fa 
si^Z  bodies  in  vascular  keratitis.    He  Relieves  that  theyje  produ^^^^^^^^^^^ 
twisting  upon  their  axis  of  the  ordinary  mucous  threads,  and  he  succeeded  in 
flrS  weU-shaped  spirals  experimentally  by  twisting  them  in  this  way. 

The  spirals  are  usuaUy  discernible  with  the  naked  eye  when  the 
sputum  is  carefuUy  examined.  They  appear  then  as  thick  white  bodies 
of  a  twisted  and  tubular  form,  and  distinguished  by  their  clear  tmt  and 
areat  tenacity  from  aU  other  sputum  constituents  (fig.  51)- 

Under  the  microscope  they  display  a  remarkable  variety  of  shape.  In 
the  usual  arrangement  there  is  a  central  thread  ^^^^^s^^:  "^IZ 
less  zigzag  maimer,  and  around  it  a  thick  meshwork  of  veiy  delicate 
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fibres  commonly  looped  round  in  spirals,  but  occasionaUy  retiform.  The 
spirals  are  often  overlaid  with  epithelium,  and  sometimes  also  covered 
■with  Charcot-Leyden  crystals.  They  vary  greatly  both  in  length  and 
breadth.  Wlien  present,  they  indicate— so  it  would  seem— a  "desqua- 
mative  catarrh  of  the  bronchi  {Curschmann)  and  alveoli  {Lewy).  Thus 
they  are  found  in  pneumonia  as  well  as  in  capHlary  bronchitis.  In 
connection  with  asthma  they  afford  a  most  valuable  diagnostic  sign, 
showing  that  the  disease  is  of  a  bronchial  character. 

As  to  the  connection  between  these  spirals  and  the  Charcot-Leyden 
crystals  (see  p.  30  and  Chaps.  VI.  and  IX.),  it  is  to  be  noted  that  in  the 
earlier  attacks  of  bronchial  asthma,  or  at  the  beginning  of  a  fresh  attack 
spirals  are  to  be  found  in  the  sputa,  but  no  crystals.  If,  however  a 
specimen  of  such  a  sputum  is  placed  quite  fi-esh  on  a  slide  covered 'to, 
prevent  evaporation,  and  allowed  to  stand  for  24-48  hom^s,  crystals  will 
be  seen  m  it.    Later  in  the  asthmatic  paroxysm,  numbers  of  similar 


Fig.  52.-Spii-als  from  Sputum  (eye-piece  III. ,  objective  4,  mchevt). 

elsewhere     From  this  it  woidd  appear  that  the  Charcot-Leyden  crvstals 
a.e  m  part  derived  directly  from  the  spirals.    As  to  the  cCicTcoi 
stitution  of  the  latter,  the  author  has  ascertained  that  they  are  f oled  f 
a  substance  closely  resemblmg  mucin.    If  one  of  them  be  remov  d  fro  i 
he  sputum_ and  touched  with  a  dilute  alkali,  it  dissolves;  and  wh 
acetic  acid  IS  added,  a  precipitate  forms.    If  the  alkaline  olutirb 
treated  with  cupric  sulphate  and  boiled,  the  resulting  peroxide  of  oppe 
js  not  reduced  ;  but  .dth  the  previous  addition  of  a  niinei  'l  acid  and 

these reacti:;::::^ 

Observations  which  the  author  had  recently  an  opportunity  of  ma]-i„o- 
m  a  case  of  bronchial  asthma  went  to  confirm  Lie  statl  t^^^^^ 
above,  and  showed  furtlier  that  the  portion  of  the  spirals  constit  S 
the  central  tliread  is  chemically  distinct  from  its  eivelope  of  micin 
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This  central  tlircad  approached  rather  to  the  character  of  lihrin,  but  its 
precise  composition  was  not  ascertained  with  certainty. 

Asthmatic  sputa  contain  large  nmnbers  of  leucocytes  contaimng  eosm- 
ophil  granulations  {Fr.  Miiaer,  Gollasch,  SchmicUy-    The  fact,  however 
Toi  little  aid  in  diag-sis,  since  Gollascn  and  Leyclen-^  have  observe<l 
simaar  bodies  in  the  expectoration  of  acute  and  chrome  bronchitis. 

6   Fibrinous  Coagula.-Fibrinous  casts  are  found  m  the  si^ta  of 
plastic  bronchitis  and  pnerunonia.    They  are  whitish  in  colour  of  vary- 
t  consistence,  and  branched  to  the  form  of  the  terminal  bronch  d 
tuhes  in  which  they  are  deposited.    In  pneumonia  they  are  nsuaUy  few 
and  of^no  gre.  length  (a.  SSW  ^^^^ 

^7:^-1  ?Xr^:i^er:^  much  .ughing  and 
rtund  in  greatest  perfection  in  the  chronic  plastic  bronchitis 


F,c,      and  34.-«.ous  Cc.gula  f.  on,  a  case  of  P.eun.o.la,  with  Pa.oxys.s  of 
1  ,GS.  3:,  auQ  54  ^^^^^^  Dyspnoea  (S)-  . 

f  ndnlts  Thev  may  be  said  to  be  pathognomonic  of  this  affection, 
of  adults,    iney  mci>  to  rliaanose     The  author  has  seen 

.vhich  is  otherwise  ^/^f  ^^^f  ^^^^"Xtely  brands  Micro- 
them  several  centimetres  long  (fig.  55))  minuti.  j  ,„;ti.piial 
:^:ny  these  terminal 

cells  and  blood- corpuscles  are  enclosed.  J^^^^J^  ^ay 
fibrin  resist  the  action  of  acetic  acid.    Then  -^J,^.^""'"  °  x. 

be  conducted  in  the  manner  described  under  F^I.^^nnna  (Chapter  ) 
•      •  thP  similarity  in  a  clinical  sense  between  bronchiolitis 

ZtXiZoe  oi  eosinophil  cells.    The  result  was  negative. 

^onfivP  Tissue  -Shreds  of  coimective  tissue  are  occasion- 
7.  Connective  Tissue.  J=  sometimes  happens  m 

ally,  though  rarely,  found  m  ^^^^  ^^^^^  ^.^^^^^  coughed  up, 
P— y  abscess  a^  gangrene  ^^^l  , Wi 
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may  also  be  discharged  with  the  expectoration.  Their  origin  can  usually 
be  determined  by  the  microscope.  In  sarcoma  of  the  lung  particles  of 
tissue  are  apt  to  bo  discharged,  and  these,  by  their  characteristic  appear- 
ance, enable  a  definite  diagnosis  to  be  made  {Huher).-^ 

8.  Corpora  Amylacea. — Friedreich  -~  has  described  these  starch- 
like  formations  as  occurring  in  the  sputum.  He  refers  their  origin  to 
haemorrhagic  processes  in  the  lungs.  They  are  partly  round,  partly 
angular  in  shape,  and  contain  within  them  a  core  of  pigmentary  sub- 
stance, which  also  is  usually  angidar.  In  a  solution  of  iodine  and  iodides 
of  potassium,  they  sometimes  give  the  amyloid  reaction,  liut  not  always. 


Fig.  55.— Fibrinous  Coagula  from  a  case  of  Plastic  Bronchitis  (ji). 


Often  their  form  shows  stratification.  In  a  sputum  sent  to  him  for 
examination  by  his  colleague.  Dr.  Neusser,  the  author  found  such  bodies, 
and  he  has  several  times  met  witli  others  like  them,  but  without  the 
dark  central  substance  in  the  sputum  of  pulmonary  gangrene.  These 
did  not  give  the  amyloid  reaction,  but  they  showed  evident  stratification. 
It  must  still  be  regarded  as  an  open  question  Avhethor  these  bodies  are 
(if  an  amyloid  nature  or  not. 

9.  Parasites. 

1.  Fungi.— The  investigation  of  the  sputum  for  fungi  has  in  recent 
times  engaged  much  of  the  attention  of  scientists  and  physicians.  If  Ave 
adhere  to  tlie  usual  classification  of  jiarasitic  fungi  into  moulds,  yea.sts, 
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and  fission-fungi,  it  will  be  found  that  the  chief  interest  attaches  to 
micro-organisms  of  tlie  third  class.  Of  the  fission-fungi  some  indeed  are 
innocuous  ;  but  there  are  others  of  a  distinctly  pathogenic  character, 
and  their  recognition  in  the  sputum  is  a  point  of  prime  importance  in 
diagnosis.  It  will  serve  a  useful  purpose,  therefore,  if  we  divide  the 
micro-organisms  in  question  into  two  chief  classes,  the  non-]pathu'jenic 
and  the  pathor/enic. 

(a.)  Non-Pathogenic  Fungi. 

1.  Moulds. — There  is  little  to  be  said  of  these  parasites  as  a  con- 
stituent of  the  sputum.    The  thrush-fungus  rarely  occurs  (see  p.  85), 


Fios.  56,  57.- Moulds  from  the  Sputum  in  Pulmonary  Abscess  (eye-piece  I., 
objective  8a,  Reichert). 


and  its  presence  is  usually  to  be  referred  to  admixture  with  the  saliva. 
In  all  cases  where  it  is  found,  the  mouth  and  throat  should  be  carefuUy 
examined  for  aphtha.  At  the  same  time  it  must  not  be  forgotten  that 
in  thrush  aphthous  patches  may  extend  to  the  bronchi,  especially  where 
the  subjects  are  children. 

Further,  in  certain  pulmonary  diseases  mould-fungi  have  been  found 
in  the  sputum.  The  accompanying  figures  (figs.  56,  57)  show  such  bodies 
■IS  seen  in  the  fresh  sputa  of  a  patient  suffering  from  traumatic  abscess 
of  the  lunc^  Virchow'-^  has  pul)Hshed  observations  bearing  upon  this 
subject,  and  Liclithevn^  found  Aspergillus  fumigatus  in  human  sputa. 
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This  latter  organism  liiis  l)een  sliowii  by  ScliiiW'^^  to  he  connected  witli 
disease  in  the  lower  animals. 

Most  writers  have  concurred  in  the  opinion  that  mould-fungi  are  only 
incidentally  present  in  the  spiitum ;  but  quite  recently  the  labours  of 
Scliiitz,  based  upon  the  result  of  Lichtheim's  experiments  with  animals, 
have  gone  far  to  show  that  the  multiplication  of  mould-fungi  alone  may 
cause  destructive  processes  in  the  lungs.  The  olDservations  of  Paltauf 
and  Lindt  tend  to  the  same  conclusion.  To  study  the  nature  of  these 
fungi  they  should  first  be  found  by  microscopical  examination,  and  then 
cultivated  on  bread  and  nutrient  gelatine.  Their  relation  to  disease  may 
also  be  ascertained  by  experiments  ui)on  animals  (see  Chajiter  X.). 
"Whether  innocuous  or  not,  it  is  quite  certain  that  mould-fungi  are  fre- 
quently present  in  the  expectoration. 

2.  Yeasts. — Little  is  practically  known  of  yeast-fungi  as  constituents 
of  the  siJutum.  The  author  has  discovered  scattered  yeast-cells  in  the 
pus  from  a  phthisical  cavity. 

3.  Fission-Fungi. 

1.  Sarcina  Pulmonis. — Sarcinas  have  been  found  in  the  expectoration 
of  several  diseases.  They  were  first  described  in  tliis  connection  by 
Vireliov  and  Friedreich.^-  They  are  usually  smaller  than  S.  ven- 
triculi.^'^  Their  presence  is  of  little  pathological  interest  {Fischer, 
Hauser),^  but  it  would  seem  that  they  belong  especially  to  extensive 
ulceration  of  the  lung.  Pansini^^  describes  a  new  species  under  the 
name  Sarcina  variegata. 

2.  Leptothrix. — Leyden  and  Jafe^^  have  repeatedly  found  lepto- 
tlu-ices  in  the  sputum  (see  p.  86).  They  may  be  recognised  in  the  so- 
called  fungoid  plugs  of  putrid  bronchitis  by  their  property  of  staining 
in  iodo-potassic-iodide  solution.  These  fungoid  plugs  have  been  analysed 
by  Dittrich,  Trauhe,  and  others.  They  contained,  besides  leptotluices, 
crystals  of  haematoidin,  white  and  red  blood-corpuscles,  and  in  many 
cases  quantities  of  fat-laden  ejnthelial  cells  and  a  mass  of  fatty 
detritus. 

3.  Bacilli  and  Micrococci.— ^'arious  forms  of  bacilli  and  micrococci 
occur  in  every  s))utum.  A  luunber  of  these,  and  among  them  bacilli 
with  terminal  spores,  are  shown  in  fig.  50. 

(b.)  Pathogenic  Fungi. 

I.  Tubercle  Bacillus.— The  researches  of  Robert  Koch'^'  have  shown 
that  the  sputum  from  tubercular  lungs  contains  definite  organisms  which 
behave  in  a  uniform  and  remarkable  manner  towards  certain  staining 
fluids;  and  this  author  was  further  of  opinion  that  the  organisms  in 
question  were  the  vehicles  of  the  tubercular  virus.  His  conclusions 
have  been  most  fully  borne  out  by  subsequent  observations.''*  Nothing 
iiKjre  need  Ix'  saiil  just  now  to  show  the  great  importance  of  his  dis- 
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coveiy.    AVe  shall  return  to  the  subject  later  \vhen  we  come  to  speak  of 
tubercular  sputum. 

•  Tlie  tubercle  bacillus  cannot  be  seen  in  the  unstained  sputum.  When 
a  preparation  is  made  in  the  manner  to  be  described  presently,  the  bacilli 
appear  either  separately  or  more  usually  in  gi'oups,  as  small  rod-like 
bodies,  slightly  curved,  very  delicate,  and  of  variable  length  {1.5  /(*-3-5  f^)- 
They  are  quite  motionless,  and  spore-formation  can  sometimes  be  seen  in 
them.  The  spores  do  not  stain  by  the  same  process  as  the  parent  bacilli, 
and  thus  it  happens  that  the  tubercle  bacillus  will  seem  to  be  broken 
up  into  several  (2-6)  clear  oval  compartments.  This  appearance  has 
led  some  observers  to  suppose  that  they  had  to  do  with  micrococci, 
but  by  appropriate  methods  and  careful  examination  the  clear  outline  of 
the  bacillus  can  be  made  visilale  in  such  cases  through  its  entire  length 

(fig-  58). 

Detection  of  Tuherde  Bacillus.— Since  the  tubercle  bacdlus  was  dis- 
covered some  years  ago  very  many  methods  have  been  suggested  for  its 
recognition,  as  those  of  Koch,  Gihhes,  Baumgarten,  Neelsen,  Balmer, 
Fnintzel,  Kuline,  Fninkel,  and  Gahbett  They  all  alike  depend  upon  the 
remarkable  property  which  the  bacillus  displays  of  staini7ig  with  aniline 
dyes  in  alkaline  solution,  and  {unlike  the  other  micro-organisms,  patho- 
genic and  non-pathogenic,  which  occur  in  the  spidum),  of  retaining  the 
dye  in  after-treatment  ivith  acid  and  alcohoU^ 

The  bacillus  may  be  shown  by  any  of  the  methods  enumerated  above 
when  the  requisite  skill  has  been  attained,  but  the  methods  of  Koch  and 
Ehrlich  are  the  best  for  a  beginner  to  employ. 

A.  Preparation  of  the  Staining  Fluid.— It  is  important  that  the 
staining  fluid  should  be  freshly  prepared'  for  use  in  every  case,  both 
because  the  aniline  dyes  are  apt  to  undergo  chemical  changes  when  kept 
for  a  time  in  solution,  and  also  because  fungi  may  develop  in  the  fluid 
itself,  and  so  mislead  the  observer.  It  may  be  made  thus :  In  a  test- 
tube  carefully  washed  (with  distilled  water  and  alcohol)  and  dried,  an 
alcoholic  solution  of  gentian-  or  methyl-violet  is  made*  by  dissolving  the 
solid  substance  in  4-5  cc.  of  absolute  alcohol,  and  to  such  a  pomt  of 
concentration  that  an  object  cannot  be  discerned  through  the  fluid  m  the 

test-tube.  ,  ,     1       1  /- 

In  another  test-tube,  which  also  must  be  thoroughly  cleaned,  6  cc 
of  distilled  Avater  are  measured  out;  to  this  are  added  10-15  drops  of 
aniUne  oil     The  fluid  is  well  mixed  by  shaking  it  up,  and  then  passed 
throuc^h  a  moist  filter.    To  the  clear  filtrate  are  added  a  few  tbops  of 
the  alcoholic  solution  of  gentian-  or  methyl-violet,  prepared  as  above,  till 

*  To  simplify  the  method,  a  concentrated  alcoholic  staining  solution  might  be 
kept  in  readiness. 
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a  slight  turbidity  appears.  This  should  clear  in  a  few  minutes.  Should 
the  mixture  fail  to  become  perfectly  clear,  however,  that  will  not  inter- 
fere with  the  success  of  the  undertaking-.  Thus  is  obtained  the  anilinc- 
water-gentian-  or  methyl-violet  solution  (Weir/ert-EJirlich  Jlaid).  In 
addition  a  watery  solution  of  Bismarck-brown  or  ^-esuvin  is  needed. 
To  make  this,  a  small  quantity  of  one  of  these  substances  (about  as  much 
as  could  be  taken  up  on  the  point  of  a  pen-knife)  is  added  to  a  few  cc. 
of  distilled  water  in  a  test-tube,  and  dissolved  until  the  fluid  is  barely 
transparent ;  it  is  then  filtered.  The  filtrate  will  lie  employed  in  the 
manner  to  lie  indicated  presently. 

E.  Preparation  of  the  Cover-Glasses. — The  cover-glasses  to  be  used 
must  be  scrupulously  cleaned  by  washing  first  in  distilled  water  and 
then  in  strong  alcohol,  and  afterwards  dried  in  an  exsiccator,  or  at  any 
rate  in  a  chamber  free  from  dust.  A  number  of  such  tlioroughly 
cleansed  cover-glasses  should  be  kept  ready  for  use  under  a  glass  shade. 
One  is  now  taken  up  with  forceps,  previously  sterilised  by  raising  them 
to  a  white  heat,  and  with  similar  forceps  a  particle  of  the  sputum  to  be 
examined  is  placed  on  the  cover-glass — such  portions  as  appear  most 
purulent  being  chosen — and  spread  in  a  layer  as  far  as  possible  of 
uniform  thickness.  Another  cover-glass  is  placed  upon  the  first,  and 
the  two  are  pressed  closely  together  with  the  forceps  so  that  the  inclosed 
sputum  is  spread  very  thinly.  The  cover-glasses,  still  grasped  with  the 
forceps,  are  then  separated,  and  dried  first  in  the  air,  and  then  passed 
two  or  three  times  through  a  carbon-free  flame  from  a  spirit-  or  gas-lamp, 
the  preparation  surface  being  kept  vrpwards. 

C.  To  Stain  and  Mount  the  Preparation. — The  cover-glasses,  prepared 
in  the  manner  just  described,  are  now  placed  in  a  watch-glass  holding 
the  aniline-water-gentian-violet  staining  fluid  already  mentioned.  They 
should  be  allowed  to  float  in  the  fluid  preparation-side  downwards. 
"When  removed  after  twenty-four  hours  they  will  be  found  to  be  coloured 
a  dark  blue.  They  must  now  be  placed  in  dilute  nitric  acid  (i  in  4) 
untd  the  preparation  appears  to  the  naked  eye  no  longer  blue,  but 
at  the  most  a  bright  green. 

The  preparation  should  not  be  completely  decolorised  when  taken 
from  the  fluid,  because  there  is  danger  that  the  bacilli  also  may  be 
deprived  of  the  stain  if  they  are  submitted  to  a  too  prolonged  action  of 
the  acid.  When  removed  from  the  latter,  they  nmst  be  xinsed  with 
absolute  alcohol,  then  dried  in  the  air,  and  mounted  in  oil  of  cloves  or 
Canada  balsam. 

For  microscopical  examination  Hartnack's  objective  Xo.  VII.,  or 
Rcichert  VIII.,  serves  best  with  a  little  practice.  The  beginner  may 
u.se  an  oil-inunersion  lens  and  Al^be's  condenser  witli  advantage.  If 
tubercle-bacilli  are  present  they  will  njipear  in  tlie  specimen  as  minute 
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rod-like  bodies  of  a  blue  colour,  but  if  few  in  luunber  they  may  easily 
l)e  overlooked.  It  will  then  promote  their  detection  to  stain  the  sur- 
rounding substances  by  immersion  in  the  solution  of  Bismarck-brown  or 
vesuvin.  To  do  this  the  cover-glass,  prepared  and  stained  in  the  manner 
already  described,  is  placed  in  the  brown  stainiug-fluid  (made  as  above), 
and  left  in  it  until  the  whole  preparation  has  assumed  an  evident 
brownish  yellow  tint.  It  is  then  washed  with  distilled  water  and 
mounted  for  examination.  When  looked  at  through  the  microscope 
the  bacilli  are  seen  to  be  coloured  a  deep  lilue,  Avhile  the  other  bodies 
in  the  field— fungi,  mucus,  corpuscles,  and  epithelium- are  brown  (fig. 
58).  The  length  of  the  individual  bacilli  as  found  in  the  sputum  is 
very  variable.  °  The  author  has  repeatedly  met  with  specimens  as  large 
as  those  represented  in  fig.  58,  but  smaller  forms,  as  shown  in  fig.  59, 
occur  still  more  frequently.  The  entire  process  may  be  accomphshed 
in  a  quarter  of  an  hour  by  heating  the  staining  fluid,  which  also 


F„.  58  -Tubercle  Bacilli  from  Sputum  (eye-pieee  V.,  objective  Zeiss  ,V,  homogeneous 
immersion ;  open  condenser). 

should  then  be  a  concentrated  solution  of  the  anUine-water  and  gentian- 
violet  mixture.  ,^.,,,T  7  fl„;.n4i 

The  method  of  staining  with  carbol-fuchsin  {Z<.ehl-Neelsen  fluid) 
is  well  worthy  of  notice  here.  Ten  cc.  of  a  concentrated  alcohohc 
solution  of  fuchsin  are  added  to  90  cc.  of  a  5  per  cent,  solution  of 
carbolic  acid,  and  the  staining-fluid  (carboHsed  fuchsin  solu  ion)  is  used 
in  the  same  manner  as  the  EkM-Weigert  ftuid.  If  the  staining-fluid 
be  warmed,  the  specimen  can  be  prepared  in  a  few  minutes^  The 
sun-ounding  tissues  and  remaining  fungi  (non-pathogenic)  had  best  be 
:™ed  a  watery  solution  of  niethylene-blue.  The  tubercle  bacilli 
then  api^ear  red,  all  other  fungi  and  cells  blue  (hg.  59)- 

Othei-  methods  which  have  been  found  useful  clinically  are  those  of 
C.aple;o.JH,  ^..FrM-GMett  method  (a  modification  ^ 
^nd  Bleclerfs^^    The  first  has  no  advantage  which  does  not  belong  also 
;  tl^l  -thod.    The  second  is  rapid  and  simple  but  not 

entirely  satisfactory  in  its  results. 
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[Gabbclt^'^  employs  two  solutions  : — (a.)  Mai/cnta  solution  :  Carbolic  acid  (5  per 
cent.),  100  cc.  ;  magenta,  i  gramme ;  spirit,  10  cc.  Mix  and  preserve  iu  a 
stoppered  bottle.  (6.)  Mcthylcne-hlue  solution:  Sulphuric  acid  (25  per  cent.), 
100  cc. ;  methvlene-blue,  2  grammes.  The  prepared  cover-glasses  are  floated  on 
a  little  of  the  magenta  solution  in  a  watch-glass.  The  latter  is  heated  until  the 
vapour  can  be  seen  rising  from  the  surface.  The  cover-glasses  are  then  removed, 
washed,  and  placed  for  one  or  two  minutes  in  the  methylene-blue  solution  ;  after 
removal  they  are  again  thoroughly  washed,  dried,  ;md  mounted  in  xylol  balsam. 
The  whole  process  can  be  accomplished  in  a  very  few  minutes.] 

Biederfs  metliod  is  very  serviceable  where  the  sputum  contains  hut 
a  few  baciUi.  Ten  to  twenty  cc.  of  the  sputum  are  boiled  in  a  watch-glass 
Avitli  a  little  dilute  caustic  soda ;  water  is  added,  and  the  mixture  again 
boiled  until  it  is  thinly  fluid.  It  is  then  allowed  to  stand  in  a  conical 
glass  for  two  or  three  days,  after  Avhich  the  sediment  is  added  to  a  small 
quantity  of  egg  albumin,  and  examined  for  bacilli  in  the  usual  manner. 
The  addition  of  an  aUcali  renders  the  bacilli  more  difficult  to  stain,  and 
the  specimen  must  therefore  be  left  for  a  longer  time  than  usual  in  the 
fluid.  The  use  of  Stenbeck's  sedimentator,**  or  of  the  centrifuge,  facili- 
tates the  research. 

Kulme's  *5  method  may  be  mentioned,  but  it  has  been  affirmed  that  it 
is  unsatisfactory. 

[Gibbes' «  double  stain  is  much  used  in  England.  It  dispenses  with  the  neces- 
sity of  washing  the  preparation  in  acid  and  can  be  rapidly  applied.  It  is  made 
thus  :  {a.)  Kosanilin  hydrochloride,  3  grammes,  and  methylene-blue,  2  gramme.s, 
are  rubbed  up  together  in  a  mortar;  (b.)  anilin  oil,  5  cc,  is  dissolved  in  alcohol, 
20  cc.  (6.)  is  slowly  added  to  (a.)  in  the  mortar  until  all  the  stain  is  dissolved  ; 
distilled  water,  20  cc,  is  then  added  slowly  while  the  mixture  is  stirred.  The 
stain  is  now  ready,  and  may  be  kept  in  a  well-stoppered  bottle.  To  use  it  a  thin 
layer  of  the  sputum  is  obtained  on  a  cover-glass  in  the  usual  way.  A  little  of  the 
mixture  is  warmed  in  a  watch-glass,  and  the  cover-slip— sputum  surface  down- 
wards—is floated  on  the  warm  staining-fluid  for  four  or  five  minutes.  It  is 
removed  and  washed  with  spirit  by  means  of  a  wash-bottle,  until  the  latter 
ceases  to  remove  any  of  the  dye.  The  preparation  is  allowed  to  dry,  and  mounted 
in  xylol  balsam.] 

AVe  shaU  have  occasion  by-and-by  to  point  out  the  great  diagnostic 
sigmflcance  which  attaches  to  the  presence  of  tubercle  bacilli  in  the 
sputum. 

2.  Micro-organisms  of  Pneumonia.— /iZefe.-iT  Merth,^^  and  Koch^^ 
have  described  various  micro-organisms,  presumably  of  a  specific  char- 
acter, as  occurring  in  the  lungs,  an.l  to  be  found  in  the  sputum  of  pneu- 
monic patients. 

Fnedldnder^^  has  further  investigated  this  subject,  and  has  succeeded 
ni  cultivating  and  propagating  these  micro-organisms,  but  their  nature 
IS  not  yet  fully  understood.  They  occur  in  stained  preparations  in 
.gi-oups  of  two,  three,  or  four.    They  vary  in  size,  have  usually  a  distinct 
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envelope,  and  pr(;.seut  tlio  form  sometimes  of  short  thick  rods  (Fried- 
liinder),  sometimes  of  diplococci  {A.  FrdnkeT). 

For  the  detection  of  pnei;monococci  (see  upper  part  of  fig.  60), 
Friedliinder  recommends  a  method  of  staining  very  simihir  to  that  of 
Giinther  for  the  detection  of  spirilla  in  the  blood  (p.  45)- 


Fig  39  -Tubercle-Bacilli,  stuiued  by  the  Ziebl-Neelsen  method  (eye-piece  111..  objective 
Zeiss      homogeneous  immersion,  Ahhas  mirror,  open  condenser). 

class  preparation,  made  ready  as  described  above,  is  passed  three  times 
through  the  flame  of  a  Bunsen's  burner,  placed  for  a  minute  or  so  m  a 
I  per  cent,  solution  of  acetic  acid,  the  fluid  removed  by  blowing  upon 
it  through  a  pointed  glass  tube,  the  preparation  dried  m  the  an-,  and 
placed  for  a  few  seconds  in  a  saturated  aniline-water  and  gentian-violet 


Fk;  Co  -Pueumonococci  (eye-pieee  III.,  objective  ,V  it.ic/,o.,  homogeneous  i.umersion. 
AbOes  condenser,  without  duiphnigm). 

solution  iluaUy  washed  with  water,  and  mounted  on  a  slide  for  exami- 
nation Whi  this  is  done  a  number  of  capsulated  rod-like  micrococci 
may  be  seen  ^\'ith  the  microscope. 

or  transudations. 


ACTING  jNIYUKS  INFUSORIA. 


109 


Grant's  method  (p.  41)  Avill  also  serve  to  show  the  micro-organisms, 
■which  then  appear  chiefly  as  small  diplococci  (fig.  60,  round  the  edges, 
and  fig.  63),  identical  in  appearance  ^yith  the  bodies  supposed  by  A. 
Franlcel and  Weichselhaum  -'^  to  be  characteristic  of  jjneumonia. 

We  shall  refer  later  to  the  pathological  significance  of  tliese  micro- 
organisms. 

3.  Actinomyces. — This  fungus  settles  occasionally  in  the  lungs,  and 
may  then  be  apparent  in  the  sputum.  Bcmmgarfen/^^  Israel,^'"  Jekino- 
wifsch,^'^  Kiisclmc,  and  Paltauf,^'  [and  Lindt]  have  described  such  cases. 
Paltauf  has  found  the  characteristic  gi'anular  masses  in  the  sputum  in 
cases  of  actinomycosis,  and  their  peculiar  ray-like  arrangement  is  made 
evident  hy  the  application  of  Ghrim's  method.  Jeliinotcitsch  and  Kuscliew 
have  shown  that  in  the  sputum  the  characteristic  actiuomyces  occurs. 
For  a  description  of  the  ray  frmgus  see  the  chapter  on  Pus. 


Fin.  61. — Ecliiuoooccus  Hookleta  and  Membrane  of  Hydatid  Cyst  (eye-piece  III., 
objective  8a,  Iteicherl). 


It  shoidd  be  mentioned  here  that  organised  Ijodies  have  often  been 
observed  of  late  years  in.  the  sputum  of  whooping-cough,  some  of  Avhich 
may  have  a  causative  connection  with  the  disease.  Thus  DeicMei''^^ 
has  found  in  such  sputa  certain  amoeboid  cells  (protozoa),  but  his  state- 
ment needs  confirmation.  Burger  and  Letzeridi  estabhslied  the  presence 
of  bacilli,  and  Afanassieio^'^  found  in  the  sputum  of  aff'ected  cliildren 
bacilU  to  which  he  attributed  an  exciting  influence;  and  since  his 
opinion  is  supported  by  SmischenJco  (who  performed  careful  cultivation 
experiments  to  elucidate  the  subject),  it  is  probable  that  tlie  bacillus  of 
Afcuiassieiu  has  really  a  close  relation  to  whooping-cough. 

2.  Infusoria.— Infusoria  were  first  found  by  Kannenherg^'^  in  sputa 
derived  from  pulmonary  gangrene.  They  were  of  the  monad  and  cerco- 
monad  varieties.  They  occurred  usually  enclosed  in  small  yellow  droplets, 
which  also  held  margarine  crystals,  and  exhibited  shiggisli  movements. 
Such  organisms  are  described  at  lengtli  in  the  chapter  on  Fa'ces. 
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For  their  detection  in  the  sputum  Kannenhei'cj  has  adopted  the  follow- 
ing method:— A  little  of  the  fungoid  substance  mentioned  above  is 
placed  beneath  a  cover-glass  on  a  slide,  and  spread  out  by  pressure  in  a 
very  thin  layer.  A  few  drops  of  a  i  per  cent,  solution  of  common  salt  are 
then  added.  The  cover-glass,  with  some  of  the  preparation  on  its  surface, 
is  next  dried,  and  afterwards  put  to  stam  in  a  watery  solution  of  methyl- 
violet,  washed  in  water,  and,  while  still  wet,  placed  in  a  concentrated 
solution  of  acetate  of  potash.  By  this  process  the  protoplasm  of  the 
monads  is  stained  a  beaiitiful  blue. 

3.  Vermes.— It  very  seldom  happens  that  ascarides  are  found  in  the 
sputum,  and  cysts  of  echinococcus  in  a  perfect  state  have  been  but 
rarely  known  to  be  expectorated.  Eichhorst^-^  and  also  Hoclmncjer 
have  described  cases  in  which  this  happened.  Diagnosis  in  such  cases 
cannot  be  attended  with  difficulty.  The  cyst,  however,  is  generally 
discharged  in  fragments.  These  appear  to  the  naked  eye  as  wliitish- 
yeUow  shreds,  and  may  be  recognised  microscopicaUy  by  their  uniformly 
striped  texture  (fig.  6i).  The  discovery  of  the  booklets  of  echmococcus 
in  the  sputum  is  a  fact  of  great  importance  in  diagnosis.  They  may 
be  readily  recognised  by  their  characteristic  form  (fig.  6i).  Charcot- 
Leyden  crystals  in  gi-eat  quantity  commonly  accompany  them. 

It  would  appear,  too,  that  the  expectoration  may  contain  the  eggs  of 
Distoma  h^matobium.  The  author  is  indebted  to  Dr.  Schiess-Bey  of 
Alexandria  for  a  specimen  which  plainly  shows  that  this  parasite  settles 
in  the  lungs,  and  it  foUows  that  when  the  pulmonary  structure  breaks 
down,  it  may  be  expelled  with  the  sputum.    Similar  observations  had 

already  been  made  by  Manson.^^  .  ■ 

10.  CrystalS.-Very  many  forms  of  crystals  have  been  found  in 
the  sputum,  but  for  the  most  part  their  discovery  is  without  great  sig- 
nificance in  diagnosis.  ^1       1    r^o  -fivot 
1   Charcot-Leyden  Crystals.-We  shall  consider  these  bodies  first, 
for  the  reason  that  they  seem  to  possess  some  pathological  interest 

Leyden^^  often  found  crystals  in  the  sputum  of  asthmatic  patients. 
They  abounded  chiefly  in  the  semi-sohd  greyish-yellow  pellets  dis- 
charged during  a  paroxysm.     These  crystals  were  colourless  and  of 
t  ;o  nted  octahedral  fonn.    They  were  insoluble  in  cold  water,  .ther 
aLU  and  chloroform,  but  dissolved  readily  in  acetic  and  mmera 
acids,  Ikalies,  warm  water,  and  ammonia.    They  are  identical  with  the 
Ly  L  is  to  be  seen  in  post-mortem  blood,  and  described  at  p  30,  ami 
:X  those  of  the  semen,  and  with  others  that  a. 
faeces  in  cases  of  anchylostomiasis.     According    0  Sch^etner  such 
;ii:  are  the  phosphate  of  a  new  base 

researches  of  Ladenburrj  and  Alel,^^  is  probably  identical  with  ^thjl 
eninim,  or  diffithylendiamin.«8 
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Leyclen  believed  that  the  crystals  -wero  the  exciting  cause  of  the 
asthmatic  paroxysm.  Friedreich,  and  Zenker  found  them  in  expcctft- 
rated  fibrin-coagula,  and  Bizzozero  ''^  in  the  sputum  of  acute  lironchitis 
from  patients  who  were  not  subject  to  asthma.  The  author  can  corro- 
borate the  statements  of  these  observers.  [Troup'^'^  asserts  also  that 
neither  spirals  nor  Charcot-Leyden  crystals  are  pathognomonic  of  any 
one  disease,  but  points  out  that  the  former  are  invariably  to  be  found 
in  asthmatic  sputa,  and  by  their  presence  cause  the  paroxysms.  A 
characteristic  feature  of  the  conditions  in  which  both  spirals  and  crys- 
tals are  found  is  marked  desquamation  of  the  mucous  surface  of  the 
bronchioles,  and  the  same  author  refers  tlie  origin  of  Charcot-Leyden 
crystals  to  the  altered  cells  which  are  thus  stripped  off.] 

2.  Haematoidin  Crystals. — Crystals  of  htematoidin,  described  by 
Virchoio,  Friedreich,  and  Schultze,'^'^  occur  in  the  sputum  as  ruby -red 
rhombic  prisms,  either  solitary  or  in  gTOups,  or  as  needles  or  clusters  of 


Fig.  62.— Charcot-Leyden  Crystals,  from  the  Sputum  of  an  Asthmatic  patient  (eye-piece  III.. 

objective  VII.,  Hartnack). 

needles.  These  crystals,  or  fragments  of  them,  are  often  found  enclosed 
within  the  substance  of  white  blood-corpuscles  (fig.  49  e).  Under  such 
circumstances  haematoidin  is  also  seen,  either  free  or  in  the  interior  of 
the  white  blood-corpuscles,  as  a  mass  of  pigment  in  which  no  trace  of 
the  crystalline  formation  can  be  discovered. 

men  hsematoidin  crystals  appear  in  the  expectoration,  we  may 
conclude  that  blood  has  been  effused  and  suffered  to  remain  for  some 
time  in  the  air-passages,  or  that  an  abscess  has  perforated  the  hm^. 
They  occur  most  abundantly,  therefore,  in  phthisis  after  hemoptysis, 
when  pulmonary  clots  are  in  process  of  absorption,  very  often  in  pul- 
monary abscess,  and  when  an  abscess  or  suppurating  hydatid  cyst  has 
discharged  into  the  lung.  When  the  crystals  are  contained  in  cells,  they 
point  to  a  previous  h(mnorrhage  ;  hut  when  free  hcematoidin  is  present  in 
considerable  quantity,  the  inference  is  that  an  abscess  ha^  discharrjed 
from  some  neighbouring  organ  into  the  lung. 

3.  Cholesterin  Crystals.— Crystals  of  "cholestcrin  were  found  in  the 
sputum  of  tuberculosis  by  Biermer,'-^  and  in  pulmonary  abscess  by 
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Leyden.'*  In  connection  with  tlie  former  disease  they  are  often  to  be 
seen  there,  but  in  very  small  quantity.  The  author  has  observed  them 
in  great  nuuibers  in  a  ftirl  who  had  a  hydatid  abscess  in  the  lung,  and 
in  a  man  suffering  from  chronic  pulmonary  inflammation.  According 
to  i?/ac/,-,"  cholesterin  crystals  are  plentifully  present  in  the  remains  of 
old  inflammatory  exudation. 

These  crystals  are  distinguished  by  their  powerful  refractive  action  on 
lic^ht.  They  are  in  the  form  of  large,  and  often  irregular,  rhombic  tables, 
which  have  a  tendency  to  cohere  in  groups.  They  are  readily  soluble 
in  tether;  insoluble  in  water,  acids,  and  alkaUes  (fig.  125).  When  the 
crystals  are  treated  with  dilute  sulphuric  acid  and  a  little  tincture  of 
iodine,  a  violet  colour  is  formed,  which  presently  changes  to  blue,  gi-een, 
and  red.  With  sulpliuric  acid  alone,  they  become  first  yellow  and  then 
green,  these  colours  spreading  from  the  edges. 

°  PathologicaUy,  these  bodies  are  of  little  consequence.  They  are  per- 
haps most  apt  to  form  when  pus  from  some  other  organ  has  burrowed 
into  the  lung,  and  lodged  there  for  a  time  before  being  discharged 

through  the  bronchi.  . 

4  Fatty  Crystals  (Margarine  Needles).— These  are  seen  chiefly  m 
putrid  bronchitis  and  pulmonary  gangrene.  They  characterise  the 
discharge  of  unhealthy  pus  within  the  lungs,  and  belong  to  bronchi- 
ectasis and  occasionally  to  tubercle.  They  occur  either  singly  or  in 
clusters  as  long  sharp-pointed  needles,  and  are  occasionally  vaulted  or 
saddle-shaped.  They  dissolve  readily  in  aether  and  boilmg  alcohol,  and 
are  insoluble  in  water  and  acids.  This  character  facilitates  their  recog- 
nition (fig.  142).  Recently  the  author  has  found  them  m  plugs,  which 
evidently  origmated  in  the  crypts  of  the  tonsils  (see  p.  89). 

It  foUows  from  their  occurring  in  so  many  different  diseases  that  the 
discovery  of  these  crystals  iir  the  sputum  lends  but  little  aid  to  diagnosis. 

As  to  their  chemical  conatitution,  they  consist,  most  probably,  of  the 
sodium,  potassium,  calcium,  and  magnesium  salts  of  the  higher  fatty 

acids,  as  palmitic,  stearic,  &c.  .  ,    ■  .i,„ 

5  Tyrosin  Crystals.-L«7/c^e?^  ^«  first  fovmd  tyrosm  crystals  in  the 
svnitum  of  a  girl  with  putrid  bronchitis,  and  again  in  the  case  of  a  man 
who  had  an  empyema  discharging  into  the  lung.  They  appear  micro- 
scopically as  fine  needles  scattered  separately  or  in  clusters.  As  a  rule, 
they  occur  sparingly  in  fresh  sputum,  but  form  in  greater  quantity  when 
the  specimen  has  been  allowed  to  stand  for  some  time. 

lLuu  and  Kannenherg  are  of  opinion  that  a  profusion  of  tyrosm 
crystals  implies  the  existence  of  a  perforating  abscess  of  the  lung. 

fatty  acids. 


CHEMICAL  EXAMINATION.  I  i  3 

Tyrosin  is  usually  associated  with  Icucin  in  the  sputum.  The  latter 
occurs  in  faintly  lustrous  spherical  particles  (M.  Fischer)"  It  has  the 
sanie  import  as  tyrosin. 

For  the  detection  of  both  these  substances  the  metliod  described  in 
connection  witli  the  Urine  may  be  emjjloyed. 

6.  Oxalate  of  Lime. — Fiirhringer'^  has  reported  a  case  of  diabetes  in 
wliich  tlie  sputum  contained  large  quantities  of  oxalate  of  lime.  It 
occm-s  either  in  the  form  of  octahedi-al  (envelope-shaped)  crystals  (fig. 
1 1 2),  or  as  an  amorphous  conglomerate.  XJngar  ''^  found  this  body  in 
the  expectoration  of  a  knife-grinder,  aged  twenty-eight,  who  liad  suffered 
for  years  from  asthma. 

The  crystals  of  oxalate  of  lime  are  readily  known  from  the  fact  that 
they  are  soluble  in  mineral  acids,  and  insoluble  in  water,  alkalies,  organic 
acids,  alcohol,  and  sether. 

7.  Triple  Phosphate. — The  characteristic  coffin-lid  crystals  have  occa- 
sionally been  met  with  (fig.  113).  They  are  soluble  in  acids  of  aU  kinds, 
and  are,  therefore,  only  to  be  found  in  the  alkaline  sputum.  They  are 
for  the  most  part  a  product  of  the  decomposition  of  proteids,  attended 
with  the  liberation  of  ammonia.  They  are  commonly  to  be  seen  in 
purulent  exudation,  and  consequently  are  very  plentiful  in  the  expectora- 
tion from  a  discharging  abscess. 

Other  crystals  are  also  occasionally  observed  in  the  sputum.  Fig.  49,  f7, 
represents  some  that  were  expectorated  in  a  case  of  phthisis.  They  gave 
the  chemical  reactions  of  carbonates  (carbonate  of  lime),  the  evolution  of 
gas  on  the  addition  of  acids,  &c. 

III.  CHEMICAL  EXAMINATION.-The  chemical  examination  of 
the  sputum  throws  little  light  upon  disease. 

1.  Ppoteids  and  Allied  Substances. -Of  these,  serum-albumin 

and  large  quantities  of  mucin  and  nuclein  (H.  Kossel^^)  are  normally 
present.  Peptone  occurs  in  the  expectoration  of  pneumonia  and  other 
purulent  conditions-in  general,  in  all  cases  where  the  sputa  contain 
pus-cells  in  abundance.^i 

The  best  method  for  the  detection  of  proteids  is  that  recommended 
by  ffoppe-Seijle}-^^'  as  a  test  for  albumin  in  serous  fluids 
_  The  "prune-juice"  expectoration  of  pulmonary  oedema  is  very  rich 
m  serum-albumin.  For  the  detection  of  this  body,  the  sputum  may  be 
extracted  with  very  dilute  acetic  acid,  and  the  filtrate  tested  with  fen-o- 
cyanide  of  potassium,  when  its  presence  wiU  be  shown  by  turbidity  or 
a  precipitate. 

2  Volatile  Fatty  Acids. -Various  volatile  fatty  acids  may  occur 
m  the  sputum,  and,  notably  in  gangrene  of  the  lung,  acetic,  butyric,  and 
sometimes  caproic  acids  are  met  with.«''    Li  testing  for  these  bodie.s, 
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the  sputum  is  dihited  with  water  and  pliosphovic  acid  added.  'I'hc 
volatile  constituents  are  driven  off  by  distilling  them  hi  a  vessel  heated 
by  steam.  The  distillate  is  then  tested  in  the  manner  laid  down  in  the 
chapter  on  Fteces.  Some  fat  can  be  obtained  from  all  sputa,  and  those 
of  tubercular  patients  contain  a  large  quantity.^* 

To  separate  the  fats  and  non-volatile  fatty  acids,  the  sputum  is  acidu- 
lated and  extracted  with  tether,  and  by  repeatedly  shaking  up  the 
Eethereal  extract  with  a  watery  solution  of  sodic  carbonate,  the  acids 
are  converted  into  their  corresponding  salts,  which  remain  dissolved  in 
the  watery  solution.  The  aether  is  pipetted  or  siphoned  off,  and  the 
fats  obtained  after  evaporation  of  the  aether.  The  sputum  of  pulmonary 
.Tancrrene  contains  several  members  of  the  aromatic  group,  as  indol,  phenol, 
and  scatol.^^ 

3.  Glycogen.— This  body  has  been  repeatedly  detected  m  the 
sputum  by  Salomon.^''    Its  presence  may  be  demonstrated  by  Briicl-e's 

method.  '  j  .  i  *.i 

4.  Ferment.— i^'Ze^twe,  StolniJww,  and  Stadelmann^'  foimd  that  the 
sputa,  especiaUy  in  pulmonary  gangrene  and  putrid  bronchitis,  contam  a 
ferment  resembling  in  its  action  one  of  the  pancreatic  ferments.  It  is 
soluble  in  glycerine,  and  may  be  extracted  by  that  body  from  the  sputum. 
Escherich^^  has  been  able  to  demonstrate  its  presence  in  the  sputum  m 
all  cases  of  extensive  destruction  of  lung-tissue. 

5.  Inorganic  Constituents.^^- These  are  chiefly— 

1.  Clilorides  :  of  sodium  and  magnesium. 

2.  Phosphates  :  of  soda,  lime,  and  magnesia. 

3.  Sulphates  :  of  soda  and  lime. 

4.  Carbonates :  of  soda,  lime,  and  magnesia. 

5.  Per-salts  of  iron  (rarely)— phosphate  of  iron. 

6.  Silicates. 

The  inorganic  matter  of  the  sputum  has  Uttle  bearing  on  cluneal 
diagnosis.  For  its  analysis  the  organic  constituents  must  first  be 
removed  by  incmeration,  when  the  usual  tests  may  be  apphed  to  the 
ash  (For  further  information  consult  Hoppe-Seylefs  Handbuch  der 
Physiologisch-  und  Pathologisch-chem.  Analyse,  5th  ed.,  p.  316.) 

TV  THE  CHARACTER  AND  CONSTITUTION  OF  THE  SPU- 
TUM IN  THE  PRINCIPAL  DISEASES  OF  THE  LUNGS  AND 
BRONCHI. 

1  Diseases  of  the  Bronchi.  .    .  . 

1'  Acute  BroiicMtis.-At  tlie  outset  the  expectoration  is  viscid, 
.vhite  and  scanty,  and  occasionally  streaked  ^vith  blood  Microscopi- 
exhibits  v^ry  few  cells,  and  is  devoid  of  specific  fung^  {tubercle 
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liacillus,  Sfc).  iVt  a  later  period  it  becomes  more  abundant,  assumes  a 
iwle-green  tint,  and  under  tbe  microscope  is  seen  to  consist  cliiefly  or 
entirely  of  pus-cells.    Elastic  fibres  are  never  present. 

2.  Chronic  Bronchitis  and  Bronchiectasis. — The  expectoration,  which 
is  copious,  green  in  colour,  and  without  any  characteristic  odour,  is 
formed  microscopically  ahnost  entirely  of  ])as-cells,  with  which  are 
mixed  a  considerable  number  of  fiit-holding  epithelial  cells  and  myelin 
particles,  and  a  host  of  non-pathogenic  inicro-organisms.  When  ulcera- 
tion of  the  bronclii  takes  place  in  the  course  of  chronic  bronchitis,  lead- 
ing to  bronchiectasis,  a  very  abundant  expectoration  is  discharged  in  the 
morning.  The  fluid,  which  is  usually  thin,  tends  to  arrange  itself  in 
three  layers  when  allowed  to  settle.  Of  these,  the  topmost  is  frothy, 
the  next  consists  of  watery  fluid,  and  the  third,  -which  is  of  greater 
consistence,  is  formed  ahnost  exclusively  of  cells. 

Li  chronic  bronchitis  complicated  with  asthma,,  the  sputum  during 
the  paroxysms,  and  immediately  afterwards,  exhibits  spirals  (see  p.  98), 
and  Charcot-Leyclen  (pp.  30,  99)  and  other  crystals. 

3.  Putrid  Bronchitis.— The  expectoration  of  this  disease  is  thick, 
greenish-brown,  and  has  a  very  disagreeable  sweetish  odour.  Micro- 
scopically it  contains  a  profusion  of  micro-organisms  of  various  kinds, 
and  very  often  exhibits  large  tufts  of  fungi,  which  colour  blue  ^vith 
iodine  and  iodide  of  potassium  solution,  epithelium— usually  in  the  pro- 
cess of  fatty  degeneration— and  fungoid  plugs  (p.  102),  but  no  elastic 
fibres,  no  shreds  of  alveolar  tissue,  and  no  specific  fungi. 

Lumnicze,-^^^  has  separated  by  means  of  Koch's  plat^e  cultivations  (see 
Chapter  X.)  a  number  of  micro-organisms  from  the  sputum,  amongst 
them  Staphylococcus  pyogenes  citreus  and  albus,  cereus  flavus  and 
albus,  and  Diplococci ;  and  also  a  fungus,  the  colonies  of  which,  when 
developed  in  nutrient  agar-agar,  emitted  the  odour  belonging  to  the 
expectoration  of  putrid  bronchitis.  It  is  a  spore-forming  bacillus, 
1.5-2  M  ni  length,  tliickest  in  the  middle,  and  rounded  ofi"  at  the  ends 
It  was  also  seen  ready  formed  in  the  sputum.  AVlien  introduced  within 
the  lungs  and  bronchi  of  rabbits  it  excited  inflammation  there 

LaMsch  and  llohUmsk,,^  by  means  of  Baunmnn  and  UdnuM 
benzol  test,  have  detected  cadaverin  (pentamethylenediamin)  and  an- 
other diamin  in  these  sputa. 

4.  Plastic  Bronchitis.  _  The  sputum  contains  fragments  of  the 
croupous  membrane  and  coagula  of  fibrin,  with  which  are  entangled  a 
profusion  of  epithelial  cells  and  fungi  (fig.  55).  F,om  these  appear- 
ances and  m  the  absence  of  pneumonic  symptoms,  the  condition  is 
readily  diagmosed.  Occasionally  it  has  to  be  distmguished  from 
chronic  fibrinous  bronchitis.  The  distinction  will  be  made  on  clinical 
grounds. 
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2.  Diseases  of  the  Lung  Tissue. 
1.  Pulmonary  Tuberculosis. 

{a.)  Miliary  Tuberculosis  of  the  Lung.— Tlie  sputum  in  this  condition 
is  merely  that  of  acute  catarrh.  Tubercle  bacilli  are  never  to  be  found 
in  it. 

(b.)  Acute  Tubercular  Infiltration  of  the  Lung.— An  early  diagnosis 
of  the  condition  is  of  the  utmost  consequence,  and  happily  it  has  been 
rendered  possible  by  Koch's  epoch-making  discovery  of  the  tubercle 
baciUus.  Two  forms  of  the  disease  may  be  distinguished,  according  as 
the  symptoms  partake  of  the  typhoid  or  of  the  pneumonic  character. 

(a.)  The  Typhoid  Type.— The  symptoms  are  rigors  at  the  outset,  per- 
sistent high  temperature,  enlarged  spleen,  extensive  roseolar  rash,  which 
at  times  suggests  that  of  typhus  exanthematicus,  and  commonly  profuse 
diarrhoea.  The  physical  signs  are  those  of  severe  catarrh  in  both  apices. 
There  is  no  dyspnoea.  The  pulse  is  frequent,  respiration  is  but  slightly 
accelerated,  and  lividity  is  not  marked.  The  sputum  is  viscid  and  _ 
scanty.  It  contains  but  little  tissue-debris,  and  only  a  few  bacilli,  which, 
moreover,  are  alicaT/s  provided  loith  spores. 

After  the  lapse  of  a  few  days,  dulness  on  percussion  and  bronchial 
breathing  may  be  obtained  over  the  apices.  The  sputum  becomes  puru- 
lent and  when  again  exammed  is  found  to  contain  sxoarms  of  tubercle 
back.  There  are  also  to  be  seen  elastic  fibres,  showing  an  alveolar 
arrangement,  and  a  large  quantity  of  epithelium.  The  i^ysical  signs 
now  ive  evidence  of  one  or  more  large  cavities,  and  the  fever  assumes 
a  remittent  character.  Death  generally  ensues  in  three  or  four  weeks, 
the  mode  of  dying  bemg  that  of  clKonic  tuberculosis. 

(8.)  The  Pneumonic  Type  begins  with  sustained  high  temperatui-e, 
marked  lividity,  and  accelerated  breathing.  The  physical  signs  point 
to  catarrh  of  both  apices,  and  the  sputimi  contains  a  few  bacilli  _  Later, 
the  characteristic  symptoms  of  infiltration  of  the  lungs  set  in;  the 
expectoration  becomes  more  profuse,  and  the  contained  bacilli  mo  e 
numerous.  The  disease  runs  a  very  rapid  course,  often  lasting  only 
TrTome  days.    AnatomicaUy,  the  condition  is  one  of  acute  tubercular 

infiltration  of  both  lungs. 

(  Chronic  Pulmonary  Tuberculosis.-The  diagnosis  of  ttns  disease 
ha  been  greatly  faciUtated  by  Koch's  cUscovery  of  the  baciUus  of 
ulrc  e  Is  a  result  of  his  experience  of  many  hundred  cases  m  the 
cUnic  f  Prof  essor  Nothnagel,  the  author  has  no  hesitation  ui  afhrmiiig 
it  prhiciple  so  often  laid  down  by  other  authorities,  tha  the  prese^rce 
1/2   Z^^^^  in       sputum  in^uriably  implies  tkee^tence  o^ 

uZms  Let  this  fact  be  granted,  and  no  more  is  needed  a  once 
tubeicuLosis.    u  ^  t  eontribution  to  our  know- 
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himself  familiar  with  the  very  simple  methods  Tjy  which  the  bacillus 
may  be  identified  (p.  104).  Experience,  has  already  accumulated  cer- 
tain data.  In  the  first  iilacc,  it  must  be  mentioned  that  in  most, 
though  not  in  all  cases,  the  abundance  of  the  bacilli  is  in  proportion  to 
the  severity  of  the  disease ;  and  again,  the  proliferation  of  bacilli  is 
apt  to  run  parallel  to  the  intensity  of  the  febrile  symptoms.  The 
supervention  of  haemoptysis  is  attended  Avith  an  apparent  {H.  v 
Fnsch^-)  diminution  in  their  number,  but  this  may  Avell  be  owing  to 
the  fact  that  the  sputa  are  in  such  a  case  diluted  by  the  profuse  admix- 
ture of  blood. 

It  is  only  Avhen  the  tubercular  process  runs  the  very  rapid  course 
descriljed  above  that  the  Ixacilli,  then  usually  carrying  spores,  are  so 
abmidant  as  to  fill  the  entire  field. 

It  Avas  held  at  one  time  that  the  apj)earance  of  elastic  fibres  in  the 
sputum  Avas  a  sure  token  of  incipient  tuberculosis,  but  more  recent 
research  has  shown  that  they  may  be  found  equally  in  the  course  of 
pulmonary  ulceration  of  Avhatever  kind ;  and  so  Avith  other  manifesta- 
tions to  which  gxeat  importance  Avas  formerly  attached.  The  signifi- 
cance of  all  or  any  of  them  is  very  slight  in  comparison  Avith  that 
belonging  to  the  specific  micro-organism,  upon  the  detection  of  Avhich 
alone  a  positive  diagnosis  can  be  formed.  [By  the  method  of  examining 
the  sputum  in  sections  already  referred  to  (p.  94),  Gahritschewshj  9^  has 
observed  giant-cells  in  tliree  out  of  four  cases  of  pubnonary  tuber- 
culosis.] 

It  does  not  necessarily  folloAv  from  the  presence  of  the  bacillus  in 
the  sputum  that  a  fatal  termination  is  impending.  The  author  has 
met  Avith  such  cases  in  which  the  patient  eventually  recovered,  but  they 
are  very  rare.  And  doubtless  an  atmosphere  crowded  with  the  baciUi 
of  tubercle  (as  that  of  the  consumptive  ward  of  a  hospital)  must  neces- 
sarily give  but  little  chance  of  cure.  Possibly  this  is  the  reason  why 
the  hospital  physician  has  so  seldom  an  opportunity  of  observing  it"* 

Allusion  may  be  made  here  to  Koch's  processes  for  the  detection 
during  life  of  tubercular  proliferation  in  inaccessible  parts.  The  diag- 
nostic value  of  tlie  discovery  is  not  yet  finally  settled.  Xumeroits 
clinical  observations  have  shoAvn  that  jiersons  infected  with  tubercle 
bacilli  do  in  fact  exliiliit  a  reaction  when  injection  has  been  made  upon 
them,  while  the  healthy  and  those  subject  to  other  diseases  generally 
fail  to  do  so.  The  ]jrocess,  however,  is  neither  entirehi  trudmrthy  nor 
cdiogether  free  from  danger.  The  initial  dose  shouM  in  all  cases  be  less 
than  0.0 1  cc.**' 

2.  Chronic  (Non- Tubercular)  Inflammation  of  the  Lung.— Under 
this  heading  may  be  grouped  all  those  conditions  which  would  formerly 
liave  been  tliought  to  present  the  typical  cliaracter  of  tuberculosis- 
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fever,  night-sweats,  &c. — but  in  Avhich  repeated  search  will  fail  to  detect 
■the  bacillus  in  the  sputum.  In  one  such  case  the  autopsy  showed  caseat- 
ing  masses  of  considerable  extent,  but  these,  even  to  the  naked  eye, 
Avere  sufficiently  discernible  from  tubercular  deposit. 

As  regards  the  sputum,  its  essential  characteristic  is  the  absence  of 
tubercle  bacilli.  It  furtker  contains  a  large  quantity  of  elastic  tissue 
and  a  profusion  of  epithelium  cells,  and  especially  of  their  myeloid 
derivatives.  If  we  may  infer  from  the  very  slender  data  which  have 
■as  yet  accumulated,  the  disease  is  attended  throughout  with  slight 
fever,  and  death  by  asthenia  occurs  sooner  or  later,  f"  The  author  is 
convinced  that,  with  a  little  more  care,  we  shoidd  learn  to  recognise 
the  non-baciUa]'y  form  of  phthisis  in  many  instances  where  at  ]Dresent 
it  is  not  thought  of. 

3.  Croupous  Pneumonia.— At  the  outset  of  this  disease  the  expec- 
toration is  very  scanty,  of  a  white  colour,  and  here  and  there  streaked 
with  blood.  ISIicroscopicaUy,  it  exhibits  only  a  small  number  of  red 
and  white  blood-corpuscles  ;  it  usually,  though  not  always,  contains  the 
specific  micrococci  Avhich  will  presently  be  described. 

Later,  and  in  some  cases  only  a  few  hoiu's  after  the  initial  rigor,  the 
sputum  has  a  rusty  tinge.  It  is  usually  also  at  this  period  remarkal)ly 
tenacious,  and  acUieres  firmly  to  the  spit-box.  When  placed  under  the 
microscope,  it  is  seen  to  contain  but  a  small  number  of  much-shrivelled 
blood-corpuscles,  the  red  ones  arranged  for  the  most  part  in  rows. 
They  are  too  few  to  account  for  the  colour  of  the  sputum,  which  is  due 
rather,  as  Trauhe  surmised,  to  the  presence  of  dissolved  haemoglobin. 
In  addition  to  these  there  are  some  leucocytes,  and  the  alveolar  epi- 
thelium which  has  been  noticed  in  another  place  (p.  95).  In  rare  cases 
the  spiral  bodies  already  described  and  shreds  of  fibrinous  coagula  may 
also  be  observed. 

The  colour  of  the  sputum  at  this  stage,  and  even  later,  may  be  grass- 
rvreen,  even  though  there  be  no  jaundice.  Frofessor  Notlmagel^^  is  of 
opinion  that  under  such  circumstances  the  colouring  matter  of  the 
blood  is  changed  into  bile  pigment.  At  his  desire  the  author  has 
examined  some  of  these  grass-green  sputa.  They  were  dissolved  in  a 
mixture  of  alcohol  with  a  little  chloroform,  which  was  then  filtered 
and  the  filtrate  evaporated,  when  a  substance  remained  behind  which 
presented  all  the  characters  of  biliverdin.  We  may  assume,  therefore, 
that  the  green  colour  of  the  sputum  in  such  cases  is  due  to  the  conver- 
sion of  haemoglobin  or  haematin  into  bilirubin,  a  change  which  is  the  less 
remarkable  if  we  consider  the  very  close  chenucal  relations  which  these 
two  bodies  bear  to  one  another.  The  bilirubin  formed  would  then  be 
oxidised  to  biliverdin  in  the  lungs. 

Trauhe  maintains  that  the  grass-green  sputa  belong  especially  to 
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subacute  pneumonia,  and  that  they  also  occuu  when  a  pulmonary  abscess 
forms  in  the  course  of  pneumonia. 

It  Avould  appear  from  the  researches  of  Rosenbacli  in  JS'othnagers 
clinic  at  Jena,  that  the  sputa  may  be  tinged  green  by  certain  micro- 
organisms, most  probably  the  Micrococcus  chlorinus,!""  altogether  inde- 
pendently of  pneumonia.  This  happens  under  many  circumstances  ; 
and  the  fact  has  in  itself  no  clinical  significance. 

Later  in  the  coiu'se  of  pneumonia  the  expectoration  Ijecomes  more 
abundant  and  watery.  Its  colour  changes  from  brownish-red  to  a 
saffron-  or  citron-yellow,  the  alteration  in  most  cases  depending  upon  a 
change  in  the  character  of  the  blood  pigment.  Fibrinous  coagula,  and 
occasionally  also  spirals,  become  now  more  numerous. 

It  must  be  noted,  however,  here,  that  such  saffron-  or  citron-yellow 
sputa  do  not  belong  exclusively  to  pneumonia.  Renz^^^  has  recorded 
a  case  of  tuberculosis,  in  which  microscopical  examination  showed  a 
profusion  of  haematoidin  crystals  in  the  expectoration,  which  was  of  a 
yeUow-ochre  tint.  Ldiver'^^'^  also  has  called  attention  to  a  form  of 
sputum  essentially  distinct  from  that  of  pneumonia,  though,  like  it, 
characterised  l]y  a  yeUow  colour,  which  generally  first  appears  after 
the  sputum  has  been  voided.  It  occurs,  according  to  Trauhe,  almost 
exclusively  during  the  siunmer  months  in  connection  with  tuberculosis, 
pleurisy,  and  pleuritic  exudation.  The  colour  in  this  case  is  due  to  the 
presence  of  micro-organisms,  and  no  special  importance  attaches  to  the 
condition  apart  from  its  liability  to  be  taken  as  a  sign  of  pneumonia. 

In  the  later  stages  of  pneumonia,  the  fibrinous  coagula  disappear  largely 
from  the  simtum,  and  the  red  corpuscles  and  leucocytes  are  greatly 
lessened  in  number  and  show  fatty  degeneration.  There  may  still  be 
a  few  spirals,  and  elastic  libres  are  to  be  met  Avith  ^vhere  ulceration  is 
in  progress.  Finally,  alveolar  epithelium,  either  very  fatty  or  hyaline  (?) 
[Feiierstock'^'^^\  and  commonly,  too,  exhibiting  the  myelin  forms,  is  pre- 
sent in  great  abundance. 

Lastly,  if  tlie  disease  tend  towards  recovery,  the  colour  begins  to  dis- 
appear from  the  sputum,  which  also  under  tlie  microscope  exhibits  a 
constantly  diminishing  proportion  of  epithelium  (still,  however,  fatty), 
until  at  last  a  time  arrives  when  it  is  indistinguishable  from  that  of  an 
ordinary  bronchitis. 

The  subject  under  consideration  would  not  be  complete  without  sonu' 
notice  of  the  position  which  may  be  accorded  to  the  pneumonia-coccus 
of  Friedlander,  when  studied  as  an  adjunct  to  diagnosis.  We  are  not 
here  concerned  with  the  discussion  of  its  effects  as  an  agent  of  disease, 
and  shaU  confine  ourselves  strictly  to  its  significance  as  a  symptom! 
Upon  this  point  the  author  has  collected  the  records  of  a  large  number 
of  cases. 
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It  should  be  stated  in  the  first  place  that,  in  every  case  of  i)neumonia 
to  which  they  have  been  applied,  the  methods  of  Friedlunder  and  Gram, 
already  described,  have  disclosed  the  presence  in  the  sputum  of  bodies 
resembling  the  microbe  of  pneumonia.  Smce  this  is  true  also  of  cases 
of  central  pneumonia,  which  are  always  so  difficult  to  diagnose  at  the 
outset,  it  becomes  in  the  highest  degree  desirable  to  assign  to  tliese 
forms  their  proper  significance.  Pure  cultivations  of  pneumonia-cocci 
are  sometimes  to  be  seen  in  the  sputa  of  the  disease  (see  iig.  63).  It 
may,  perhaps,  be  assumed  that  in  doubtful  cases  their  presence  will 
confirm  the  suspicion  of  pneumonia ;  but  inasmuch  as  Friedldndei-'s 
microbes  (or  rather,  it  should  be  said,  certam  forms  which  closely 
resemble  these)  have  been  found  in  the  expectoration  of  other  conditions, 
such  as  chronic  bronchitis  and  bronchiectasis,  and  in  the  buccal  fluids 


Fin.  63.-JIiciobe  of  Pneumouia  from  the  Sputum,  coloured  after  Gram's  method  (compensation 
eye-piece  IV.,  apochromatic  immersion-objective  Zeiss). 


and  sputum  of  health,  we  are  never  warranted  in  basing  a  diagnosis  on 
such  manifestations  alone.  It  may  well  be  that  the  micro-organisms  in 
question  are  not  in  all  cases  identical,  and  that  by  improved  methods  of 
cultivation  we  shall  be  in  a  position  to  discriminate  them ;  but  at  pre- 
sent we  are  unable  to  do  so.  The  researches  of  Pansini'^^^  have  shown 
that  cultivation-results  are  not  decisive,  since  fungi  resembling  the 
Frdnkel-Weicliselbaum  coccus  may  be  derived  from  sputa  which  are 
not  pneumonic.  Moreover,  it  woidd  appear  from  the  observations  of 
Frdnhel  and  Weicliselbaum  that  there  are  several  distinct  microbes, 
whicli  are  capable  of  giving  rise  to  the  symptoms  of  pneumonia.  The 
researches  of  Neumann  have  still  further  extended  the  limits  of  the 
variety  which  may  be  observed.  It  should,  however,  be  mentioned  that 
the  researches  of  FranlceU^^  and  Treic^,se^toi  leave  no  doubt  that 
amongst  the  numerous  micro-organisms  which  are  present  in  croupous 
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l)neunionia,  a  Diplocoecus  is  most  commouly  to  be  found  (Micrococcus 
of  pneumonia,  A.  Frdnlcel ;  Diplocoecus  pneumonise,  Weichselhaum). 

FrdnM,^'^''  Pod,  Bordoni-Uffredtazi,^^^  and  Weich.uibaum  have  observed  the  same 
Diplocoecus  in  the  purulent  exudation  of  cerebro-spinal  meningitis  ;  but  it  would 
appear  from  the  researches  of  Weichselbaum^^-  and  Ould^chmidt'^'^'^  that  there  are 
also  other  forms  which  appear  to  be  associated  in  a  closer  manner  with  this 
disease. 

To  sum  up  our  knowledge,  it  must  be  admitted  that  the  subject  of 
the  pneumonia  microbe  needs  further  elucidation.  It  is  likely  that 
tliere  are  several  fungi  which  may  excite  tlie  disease.  The  sputum  of 
pneumonia  occasionally  exhibits  pure  cultivations  of  these  fungi  (fig.  63)  ; 
but  their  presence  must  not  be  made  the  basis  of  a  too  confident  infer- 
ence. It  is  only  imder  special  cireiimstances  that  diagnostic  interest 
attaches  to  any  of  them.^^* 

The  subject  of  influenza,  which  of  late  years  has  attracted  so  much  attention, 
is  purposely  avoided  here,  since  in  spite  of  the  many  efforts  that  have  been  made 
to  elucidate  it  no  distinctive  microscopical  or  bacteriological  characters  have  yet 
been  assigned  to  it. 

4.  Pulmonary  Abscess.— The  sputum  of  this  condition  generally 
loolcs  like  pure  pus  Avhen  seen  Avith  the  microscope.  It  emits  a  faint 
and  slightly  foetid  odour ;  and  it  tends  on  standing  to  stratify  in  two 
layers,  of  which  the  lower  consists  of  pus-cells,  whilst  the  upper  is 
watery  and  topped  with  froth.  MicroscopicaUy  the  sputum  is  subject 
to  variety,  but  in  general  it  exhibits  shreds  of  lung  tissue,  and  very 
commonly  elastic  fibres  with  the  alveolar  disposition  (fig.  50),  fatty  and 
disintegrated  pus-cells,  hsematoidin— partly  in  tlie  form  of  well-shaped 
crystals,  partly  as  brown  or  reddish  pigment-particles  of  varying  size- 
often  also  cholesterin  crystals ;  these  are  especially  abundant  in  cases 
where  the  pus  has  been  of  long  accumulation.  Tyi-osin  and  balls  of 
leucin  are  occasionally  present;  fatty  crystals  are  more  commonly 
found ;  and  finally,  a  profusion  of  fungi  of  various  forms,  but  these  are 
never  specific. 

5.  Gangrene  of  the  Lung. -Tlie  sputum  has  a  penetrating  and  ex- 
tremely unpleasant  smell ;  is  abundant,  thin,  and  of  a  dull-green  colour 
It  separates  on  standing  into  three  well-marked  layers.  Of  these  the 
npper  is  frothy,  very  turbid,  and  of  a  greenish-brown  tint;  the  middle 
tlun,  and  of  a  watery  or  serous  character;  whilst  tlie  lowest  is  opaque 
A'lscid,  and  ranges  in  colour  between  brown  and  gi-een.  The  last  occa- 
sionally contains  brown  shreds  of  lung-tissue  of  varying  .size. 

Microscopical  examination  shows  that  the  upper  layers  contain  but 
few  formed  elements.    Li  tlie  lowest  layer,  liowever,  there  is  a  lai-o-e 
proportion  of  detritus,  fatty  globules  of  irregular  size,  rarely  crystal's 
but  most  commonly  hrematoidin  crystals  and  aniorphou.s  ma.s.ses  •  an 
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enormous  quantity  of  fungi,  notably  fission-fmigi ;  often  large  tufts  of 
fungi,  wliich  stain  blue  witli  the  ioclo-potassic-iodidc .  solution  (Lcpto- 
thrix),  together  with  other  forms,  which  resemble  starch  granules  and 
stain  similarly  with  the  same  reagent;  and  sometimes  also  monads 
{Kanneiibergy^'"  It  is  important  to  notice  the  absence  of  elastic  fibres. 
Stadehnann,^^'^  however,  says  they  often  occur  in  this  kind  of  sputum. 
The  sputum  contains  a  ferment  which  acts  like  pancreatic  juice,  and  it 
is  this  which  probably  causes  the  solution  of  elastic  tissue  (see  p.  97)* 
Bonome^^^  has  constantly  found  in  such  cases  the  Staphylococcus  albus 
and  aureus,  which  on  tliis  account  he  regards  as  the  cause  of  this  disease. 

The  researches  of  Hirschler  and  Terraij™  have  disclosed  a  great 
variety  of  micro-organisms  in  this  disease.  They  include  a  number  of 
Staphylococci— in  addition  to  those  already  mentioned.  Staphylococcus 
pyogenes  citreus,  and  cereus  albus— Bacillus  pyocyaneus,  and  a  micro- 
coccus which  thrives  on  gelatine,  agar-agar,  and  blood-serum  at  20°-24  , 
and  on  gelatine  produces  cultivations  resembling  four-leaved  clover  or  a 
flower  of  six  petals.  It  liquefies  gelatine  slowly,  and  on  all  nutrient  sub- 
stances develops  a  smeU  closely  resemblmg  that  of  gangrenous  sputum. 
This  fungus  causes  disease  when  inoculated  upon  animals.  It  assimi- 
lates aniline  colouring-matters  of  all  kinds.  It  is  stamed  with  difficulty 
by  Gram's  method.  It  remains  to  learn  whether  it  has  any  relation  to 
pulmonary  gangrene,  and  of  what  nature  this  may  be. 

6  Pulmonary  (Edema.— In  this  condition  the  sputum  is  abundant, 
thin,  and  watery,  and  according  to  the  nature  of  the  underlymg  pro- 
cess is  either  white  and  frothy  (like  soapy  water),  or  of  a  rusty  brown 
colour  (like  prune^juice)  Microscopically  it  holds  comparatively  few 
cellular  elements.  The  leucocytes  and  the  few  epithehal  cells  to  be 
seen,  especially  in  cases  of  acute  oedema,  are  free  from  fatty  changes. 
The  red  blood-corpuscles  are  few,  and  their  number  is  inadequate  to 
account  for  the  deep  colour  of  the  expectoration.  In  one  case  the 
author  believes  that  by  digestion  with  water  and  subsequent-  filtra- 
tion of  the  sputum  he  ol)tained  the  characteristic  absorption-bunds  ot 
methc^moglobin  with  the  spectroscope.  The  presence  of  abmidanee  of 
albumin  may  be  shown  by  chemical  means."°     ,       ^      ^,     ,  • 

7  H8emoptysis.-In  cases  of  profuse  h£emorrliage  from  the  lung,  the 
sputum  consists  entirely  of  bright-red  frothy  blood,  with  scarcely  any 
trace  of  other  tissues.  When  the  herbage  has  diminished  ui  mten- 
sitv  the  expectoration  for  several  days  continues  to  exhibit  a  reddish 
or  mldish-brown  colour.  During  this  period  leucocytes  and  epi  helium 
are  plentifully  met  with,  the  cells  usually  enclosing  crystals  and  amor- 
^J^J^  of  heematoidin.  The  formation  of  small  cavities  in  the 
*  [This  view  is  opposed  by  Troup  ("The  Sputun,,"  p.  48),  who  adduces  important 
facts  in  support  of  his  position.] 
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course  of  tubercle  is  the  commonest  cause  of  pulmonary  hffimorrhage. 
In  addition  to  this  yve  shall  hercjioticc  only  the  rupture  of  an  aneurysm 
into  the  bronchi,  and  remind  tlie  reader  that  a  persistent  liypcrEemia  of 
the  lung  may  also  give  rise  to  this  condition. 

8.  Haemorrliagic  Infarction. — In  cases  of  recent  hsemorrhagic  infarc- 
tion of  the  lung,  single  coin-shaped  masses  of  blood,  of  a  bright-red 
colour,  and  intimately  mixed  Avith  froth,  are  expectorated.  After  the 
lapse  of  se-\'eral  days  the  sputa  assume  a  brownish  tint,  and  ansM'er  the 
description  detailed  in  the  last  paragraph.  Further,  as  a  rule,  they 
contain  a  number  of  epithelial  cells  and  lencocytes  undergoing  fatty 
degeneration.  The  cause  of  this  condition  is  generally  to  be  sought  in 
fimctional  or  organic  debility  of  the  heart. 

9.  Pneumoconiosis.  1-*' 

(a.)  Anthracosis  of  the  Lung. — The  sputum  of  tobacco-smokers  and 
those  who  habitually  breathe  an  atmosphere  laden  with  soot  always 
contains  some  proportion  of  carbon  particles.  In  such  cases  the  expec- 
toration in  the  early  morning  is  of  a  pearl-grey  colour,  and  is  brought 
up  in  pellets  of  viscid  and  remarkably  tenacious  substance.  In  a  typi- 
cal case  of  anthracosis  the  sputum  ranges  in  colour  from  dark-brown  to 
black,  and  is  somewhat  abundant.  Microscopically  it  exhibits  particles 
of  free  carbon,  readily  discernible  by  their  resistancee  to  the  action  of 
acids  and  alkalies ;  and  generaUy  a  quantity  of  leucocytes  and  alveolar 
epithelium,  in  each  case  choked  with  pigment  particles. 

{b.)  Siderosis  Pulmonum.— The  sputum  is  usually  brownish-black  in 
colour,  and  has  all  the  characters  of  that  of  chronic  bronchitis.  Under 
the  microscope  the  contained  leucocytes  and  alveolar  epithelium  are  seen 
to  be  laden  with  a  reddish  pigment,  which  by  its  reaction  with  sulphide 
of  ammomum  (black  colouration  from  formation  of  sulphide  of  iron)  or 
with  hydrochloric  acid  and  ferrocyanide  of  potassium  (prussian  blue),  may. 
be  known  to  consist  of  iron. 

(c.)  Mason's  Lung.— Here,  too,  the  sputum  has  generally  the  appear- 
ance of  that  of  chronic  bronchitis;  but  in  addition  it  contains  particles 
of  dust,  either  free  or  enclosed  within  cells.  Lime  and'  gypsum  dust 
are  readily  recognised  by  their  chemical  properties  ^see  the  chapters  on 
F<eces  and  Urine)  and  ultramarine  by  its  colour.  In  other  cases  evi- 
dence win  be  forthcoming  from  independent  sources  as  to  the  nature  of 
the  .sub-stance  in  question. 


CHAPTER  V. 


THE  GASTRIC  JUICE  AND  VOMIT. 

I  EXAMINATION  OF  THE  GASTRIC  JUICE.— Like  the  saliva, 
the  gastric  juice  is  the  product  not  of  one  but  of  several  distinct  sets 
of  -lands  It  is  composed  of  the  fluid  secreted  by  the  pyloric  glands 
of  the  stomach  and  that  of  the  cardiac  glands,  these  forming  its  active 
dio-estive  ingredients  ;  and  it  includes  also  a  portion  of  the  buccal  secre- 
tion which'  has  been  s^yallowed  and  is  already  partly  changed  in  the 

process  of  digestion.^  . 

1  Naked-Eye  CharacterS.-The  gastric  juice  of  man  is  a  colour- 
less* fluid,  generally  clear,  but  it  is  occasionally  turbid.     Its  reaction 

is  acid.  .  ,         ,  ■ 

2.  Formed  ElementS.-Microscopical  examination  of  the  gastiic 
juice  at  a  time  when  the  stomach  contains  little  or  no  residue  of  undi- 
iested  food  shows  single  squamous  epithelial  cells  derived  from  the 
dipper  part  of  the  alimentary  canal;  columnar  epithelium  y-Y  ^-e  y 
and  only  in  special  instances;  fungi  of  various  kinds  especiaUy  bail 
andmici-ococci;  and  usuaUy  also  yeast  cells.    ^../o..Mias  distinguished 
sixteen  different  micro-organisms.    Amongst  these  are  Sarcma  ventuc  d 
Bacillus  pyocyaneus,  Bacterium  lactis  aerogenes.  Bacillus  subtilis,  and 
others,  al  of  which  effect  changes  in  the  food-albumui,  milk,  or  carb  - 
hydrates.    Erom  this  fact  it  would  appear  probable  that  m  the  stomach, 
as  in  the  intestines,  certain  of  the  fission-fungi  are  -^-^^  P^f^!;*; 
logical  functions.    On  the  other  hand,  there  can  be  J^^^^^  ; 

.altric  juice  is  the  means,  under  appropriate  conditions,  by  wluc^^  a  ho 
^f  the  most  dangerous  germs  of  disease  are  rendered  harmless  a 
destroyed     This  property  is  derived  from  the  free  hydrochloric  acid 
vhSLrs  the  development  of  such  fungi.3   According  to  JaroorsJa,^ 
the  —         characters  of  the  fluid  differ  according  as  it  has  an 

"^uZZZ:^^^  while  digestion  is  going  on,  the  character 
of  ie  la^c  juice  will  approach  that  of  which  we  shall  have  occasion 
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to  speak  later  when  dealing'  with  the  vomit,  i.e.,  it  will  contain  tlie 
remains  of  the  food. 

3.  To  Obtain  the  Gastric  Juice. — Leuhe'"  and  KUh'^  were  the 

first  to  employ  the  gastric  sound  for  this  purpose  in  man.  Its  use  is 
unattended  with  danger  provided  the  tubes  are  elastic  and  too  energetic 
aspii'ation  be  avoided.  To  procure  the  gastric  juice  for  the  purpose  of 
chemical  analysis,  whether  in  health  or  disease,  the  following  procedure 
has  been  recommended  by  E.  Schiitz.''' 

A  time  is  chosen  when  the  stomach  is  empty,  so  as  to  prevent,  as  far 
as  possible,  the  admixture  of  impurities  derived  from  the  food,  and  to 
this  end  the  morning  is  generally  the  best.    A  pliable  gum-elastic 
sound,  perforated  at  the  end  with  a  number  of  apertures  not  larger  than 
a  pin's  head,  and  furnished  Avith  a  lacquered  handle,  is  introduced  mto 
the  stomach,  and  pushed  on  until  a  shght  resistance  is  encoimtered.  A 
collar  of  horn  is  then  slipped  over  its  upper  part,  and  grasped  between 
the  teeth  of  the  person  experimented  upon,  so  as  to  keep  the  sound  in 
position.    After  the  lapse  of  about  half  a  minute  the  handle  is  removed 
and  the  sound  connected  Avith  a  stomach-pump.    The  piston  is  noAv 
draAvn  out,  and  the  projecting  extremity  of  the  tube  being  gxasped  Avith 
the  fingers,  the  sound  is  withdraAvn,  and  its  contents  discharged  by  the 
movement  of  the  piston  into  a  glass  vessel.    As  abeady  said,  the  danger 
of  the  operation  is  very  slight  Avhen  performed  in  this  Avay  ;  but  it  may 
be  entirely  obviated  by  introducing  a  mercurial  manometer  betAveen  the 
sound  and  the  pump,  and  estimating  beforehand  the  amount  of  pressure 
(as  indicated  by  the  position  of  the  mercury)  Avliich  may  be  employed 
Avithout  applying  any  considerable  suction  force  to  the  mucous  membrane 
of  the  stomach. 

It  is  .  advisable  in  many  cases,  and  especially  Avhere  chHdren  are  con- 
cerned, to  adopt  the  simpler  method  of  Boas  and  Ewald,^  which  consists 
in  applying  pressure  over  the  abdomen  after  the  introduction  of  the 
elastic  tube.  By  this  means  the  fluid  is  forced  into  the  latter,  and 
may  be  draAvn  off  as  by  a  syj^hon.^ 

As  a  substitute  for  these  methods,  Edinycr^<>  causes  the  patient  to  swallow 
pieces  of  sponge  compressed  and  coated  with  gelatine,  and  retained  by  a  thread 
which  IS  held  in  the  hand.  Spiith^^  similarly  uses  scraps  of  elder  pith,  stained 
with  appropriate  reagents,  or  grains  of  shot  having  attached  to  them  threads 
soaked  in  the  i^agent.  Bocci  -  has  devised  a  little  instrument  by  means  of  which 
o.  I  gi^.  of  gastric  ]n,ce  may  be  withdrawn.  ScMi  and  Oilnsburg  i«  employ  tablets 
containing  potassium  iodide  in  a  thin  coating  of  gum.  and  connectedVthread.s 
of  fibrin.  Ihese  are  given  to  the  patient,  and  the  appearance  of  iodide  in  the 
sahva  IS  taken  to  indicate  the  rapidity  with  which  fibrin  is  absorbed. 

4.  Chemical  Constituents  of  the  Gastric  Juice.  ~()f  these 

the  most  important  are-(r.)  Pepsin;  (2.)  Rennet,  or  milk-curdlin.^ 
ferment;  (3.)  Inorganic  and  organic  acids.    Each  of  these  is  liable  to 
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undergo  pathological  change,  Loth  as  to  quantity  and  to  quality.  Those 
which  affect  the  peimii  and  add  constituents  arc  of  chief  consequence  in 
disease. 
1.  Pepsin. 

(rt.)  Detection  of  Pepsin  in  the  Gastric  J"(a'ce.— As  a  test  for  pep.sin, 
its  property  of  changing  proteids,  e.g.,  fibrin,  mto  peptone  is  turned  to 
account.     The  best  method  of  procedure  is  as  follows :— 10-20  cc.  of 
the  acid  fluid,  obtained  as  above,  is  taken,  diluted  with  water,  and 
filtered.    To  the  clear  filtrate  a  small  quantity  of  well-washed  blood 
fibrin  is  added,  and  the  whole  kept  at  a  temperature  of  40°  C.  If 
pepsm  be  present,  the  fibrin  will  be  dissolved  after  a  few  hours.  If, 
after  the  lapse  of  10-12  hours,  no  change  is  apparent,  or  if  an  odour 
of  putridity  be  given  off  by.  the  fluid,  it  may  be  assumed  that  the  latter 
is  free  from  pepsin.    Should  it  happen  also  that  the  secretion  obtained 
from  the  stomach  has  an  alkalme  or  but  feebly  acid  reaction,  it  will  be 
necessary,  before  applymg  digestion  tests,  to  add  to  it  its  own  volume 
of  a  dilute  solution  of  hydrochloric  acid  (8  cc.  of  the  fuming  acid  m 
992  cc.  of  water). 

(&.)  Quantitative  Estimation  of  Pepsin.— ScJiiitz'  method  may  be  em- 
ployed for  the  quantitative  estimation  of  pepsin.  It  is  founded  upon 
a  principle  first  enimciatedby  Huppert  and  ScMitz,'^  one  of  fundamental 
importance  for  the  theory  of  digestion— namely,  that  under  certain 
conditions  at  the  disposal  of  the  observer,  the  quantity  of  peptone  formed 
is  exactly  proportional  to  the  square  root  of  the  quantity  of  pepsin  used. 
Schiitz  has  taken  as  the  pepsui-unit  that  quantity  of  the  ferment  which 
will  yield  I  orm.  of  peptone  under  the  conditions  of  his  experiment, 
and  expresses  his  results  in  terms  of  this  unit.  For  further  details  the 
reader  is  referred  to  the  original  commmiication. 

2  Milk-Curdling  Ferment.— This  ferment  was  first  investigated  by 
Hammarsten.    It  may  be  detected  by  the  following  process  ^-^-lo  cc 
of  cow's-mUk,  of  neutral  reaction,  is  well  boiled,  and  to  it  is  added 
•xn  equal  quantity  of  gastric  juice  Avhich  has  been  carefully  neutrahsed 
and  filtered.    The  mixture  is  placed  in  a  warm  chamber,  or  on  a  water- 
'bath  heated  to  30-40°  C.     If  the  milk-curdling  ferment  be  present 
the  casein  of  the  milk  will  be  precipitated  in  flakes  after  the  lapse  of 
20-^0  minutes.    The  ferment  was  found  by  Sclmmhurg    and  Boas  i«  to 
be  invariably  present  in  health,  and  absent  in  serious  disorders  of  the 
stomach,  as  cancer  and  atrophy  of  the  mucous  lining. 
in  infants  of  from  one  to  two  days  old;  but  Raudmiz^'  established  its 
presence  in  older  children  who  were  reared  on  cow's-milk     It  was 
regularly  found  in  a  series  of  investigations  conducted  on  such  subjects 

^'•"Tt'tsearches  of  .7ota«,-  i^o..,-  Klenrperer-  C.  RoscnfUal- 
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A.  Johamesseti,--  and  0.  Sandherg,-^  have  tlirown  much  liglit  on  tiie 
subject  of  the  rennet  constituent  of  the  gastric  juice.  These  tend  to  the 
corichision  tliat  tlie  ferment  is  elaborated  by  the  glands,  not  as  such,  but 
as  a  zymogen,  wliich  is  then  transformed  into  a  milk-cui'dling  ferment 
by  the  action  of  hydrochloric  acid.  For  the  detection  of  this  antecedent 
substance  (zymogen),  JUeaivperer' s  method  may  be  employed : — To  2  cc. 
of  filtered  gastric  juice  are  added  10  cc.  of  milk  containing  2  cc.  of  a 
3  per  cent,  solution  of  chloride  of  calcium,  and  an  excess  of  a  i  per  cent, 
solution  of  carbonate  of  soda.  The  mixture  is  then  placed  in  a]i  incu- 
bator, and  if  the  zymogen  be  present,  coagulation  gi-adually  ensues. 
The  amount  of  the  ferment  formed  varies  chiefly  with  the  quantity  of 
hydrochloric  acid  generated  in  the  process. 

Experience  has  shown  that  the  milk-curdling  ferment  is  in  excess  in 
conditions  of  hyper-secretion  and  undue  acidity  of  the  stomach.  When 
liydrochloric  acid  is  wanting  or  but  scantQy  present,  the  ferment  is  also 
absent  or  reduced  in  quantity ;  but  according  to  Klemperer,  the  ferment 
may  also  result  from  its  zymogen  in  presence  of  organic  acids. 

3.  Acids.— The  gastric  juice  contains  hydrocliloric  acid,  and  als(^ 
butyric,  acetic,  and  lactic  acids. 

(a.)  ACIDITY.— Li  very  rare  instances  an  increased  quantity  of  acid 
has  been  found  in  the  stomach,^'^  ^^^,1  ,,,jth  this  is  sometimes  coupled  an 
excessive  secretion  of  gastric  juice. 

RiegeV-^  made  the  important  discovery  that,  in  cases  of  round  ulcer  ■ 
of  the  stomach,  the  acid  constituent  of  the  gastric  juice  is  greatly  in  excess  ■ 
and  the  fact  has  been  further  established  by  the  observations  of  Kor- 
czijnskt,  JaworsM,"^  and  many  others  (see  p.  147). 

According  to  Reichmcmn,  Riegel,  Sticker and  others,  a  distinction 
IS  to  be  made  between  hyper-acidity  and  excessive  secretion  of  the  -as- 
tnc  juice.  By  attending  to  this  point  it  should  be  possible  better-  to 
d,,scnmmate  between  certain  affections  of  the  stomach,  and  especiaUy 
amongst  those  conditions  which  are  stUl  classed  under  the  General 
headmg  of  gastric  catarrh,  dyspepsia,  and  the  like  (see  p  140)  ^'o  " 

A  diminished  acidity  of  the  gastric  juice  occurs  tempovJuy.  when  a, 
large  quantity  of  alkahne  substances  has  been  SM-allowed,  and  as  a 
persistent  condition  apparently  in  aU  febrile  diseases 

The.  acidity  of  the  gastric  juice  may  be  measured  in  this  way —A 
certain  quantity-increased,  if  necessary,  by  tlie  addition  of  waier-is 
filtered,  and  its  reaction  tested.  If  this  be  acid,  a  known  quantity  of 
the  filtrate  IS  taken  and  coloured  with  a  little  neutral  tincture  of  litmus. 
So  ution  of  soda  0  definite  strength  (the  i/ro  normal  or  deci-normal 
soda  solution  maybe  used  with  advantage)  is  now  added  slowly  from 
a  gra,luated  burette,  until  the  point  is  reached  finally  at  wliich  the 
onion-red  colour  of  the  fluid  gives  place  to  a  violet  hue.    From  the 
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Qiiautity  of  soda  used,  tliat  of  the  acid  present  may  be  known,  i  ce. 
„f  tlie  normal  soda  solution  employed  in  this  way  correspondmg  to 
o  ox6k  orm.  hydrochloric  acid.s«   Instead  of  litmus  an  alcoholic  solution 
of  phenolphthalein  may  be  used.    A  few  drops  of  this  should  be  added 
to  the  fluid  before  titration,  and  the  alkali  slowly  supplied  until  a  re.l 

colour  begins  to  develop.  ■ 

The  conclusions  arrived  at  by  this  method  are  correct  only  when  tjie 
gastric  juice  contains  hydrochloric  acid  alone,  and  not  as  is  generally 
the  case,  several  other  acids  as  ^vell  (see  below).  On  his  account 
Eu-alcl^'  points  out  the  fallacy  of  directly  deducing  the  total  acidity 
from  the  amount  of  a  deci-normal  solution  of  soda  reqmred  to  neut- 
ralise it.  The  expression  50  per  cent,  acidity  implies  that  50  cc  of  the 
deci-normal  solution  of  soda  will  neutraUse  100  cc.  of  the  gastric  juice 

ToTtl^lrwhether  the  acidity  is  due  to  the  presence  of  free  acid 
or  to  acid  salts  resort  may  be  had  to  the  methods  of  melmanu  and  Leo, 
by  wHch  only  free  acid  is  detected.    Leo-^  uses  calcium  carbonate 
■  wlich  in  presence  of  acid  is  decomposed  without  heat,  carbomc  acid 
;       given  off  and  the  fluid  acquiring  a  neutral  reaction.    If  no  free 
aJkl%ut  oirly  acid  salts,  be  present,  the  fluid  remains  acid  and  rea  ts 
0  Htmus  paper  as  before.    To  carry  out  the  test  a  quantity  of  the 
!^.s  riui  e  under  examination  is  rubbed  up  with  chemicaUy  pure 
^^Z^o^.  and  the  reaction  ^tained  ^e^ore  .id  a  ter  the  a^ 
Uonofthes^tiscoir^ar^^^^™^ 

fe  e  acids  By  an  application  of  the  same  process  it  is  possible  to 
est  ma  the  quantity  of  free  acid-hydrochloric  and  organic  acids--m 
esumaie  u     h         J  ^  follows 10  cc.  of  the 

r"!  .    ttps  of  .n  alcoholic  .o.ntion  of  „Ue„„.^>tM- 

T    ..  of  th   flask    perforated  by  two  openings.  Through  one  of  these 
T\t^ls^s  o   he  bottom  of  the  flask  ;  the  other  transmits  one 
a  glass  tube  passes  to  only  ust  wthm 

end  of  a  short  right-angled  S^^^^"'^''  .  ^3  connected  by  a 

flask,  wliUe  ^.^:]^X^^^ 
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treated  with  5  cc.  of  calcium  chloride  solution  iuid  a  few  drops  of 
phenolphthalein,  and  titrated.  Tlic  difforencc  between  the  results  of 
this  and  of  the  former  titration  expresses  the  amount  of  acidity  which 
is  due  to  the  presence  of  free  acid.  Should  it  be  ascertained,  in  the 
way  wliich  will  be  described  presently,  that  there  -were  no  organic 
acids  in  the  fluid,  the  difference  de^sends  upon  the  hydrochloric  acid 
alone,  and  its  amount  may  be  determined  by  the  formula  already  given, 
namely,  that  i  cc.  of  the  deci-normal  solution  of  soda  corresponds  to 
0.00365  gi-m.  of  hydrochloric  acid.  This  method  is  sound  in  principle 
and  will  be  justified  by  its  results.  It  must,  however,  be  mentioned 
that  excej)tion  is  taken  to  it  by  A.  Hoffmann  and  A.  Wagner^*  on 
theoretical  gi-ounds.  According  to  Kossler,^^  the  process  of  filtration 
may  be  omitted,  and  the  conclusions  both  as  to  acidity  and  to  the  jn'o- 
portion  of  free  acid  (see  below)  will  be  accurate. 

(b.)  HYDROCHLOEIC  ACID.— The  gastric  juice  secreted  during  the 
later  stages  of  digestion  appears  normally  to  contain  only  free  hydro- 
chloric acid.    At  an  earlier  period  lactic  acid  is  also  present. 

A.  Detection  of  Free  HydroMoric  Add. — The  examination  of  the 
gastric  juice  for  free  hydrochloric  acid  is  attended  ^yith  much  difficulty, 
since  the  chlorine  salts  yield  nearly  all  the  same  reactions  as  the  free 
acid.  To  obviate  this,  many  expedients  3«  have  been  suggested;  but 
we  shall  notice  here  only  those  methods  which  Avill  serve  for  clinical 
purposes. 

1.  Mohr's  Tests. (a.)  To  the  gastric  juice  to  be  tested  is  added  first  a  solution 
of  iodide  of  potassium  and  starch-paste,  and  then  a  few  drops  of  a  very  dilute 
solution  of  ferric  acetate.  If  free  hydrochloric  acid  be  present,  a  blue  colora- 
tion (starch  iodide)  appears.  This  very  simple  test  is  not  altogether  to  be  relied 
upon,  inasmuch  as  it  will  yield  a  negative  result  in  presence  of  phosphoric  acid 
and  Its  salts,  even  though  free  hydrochloric  acid  be  present  also 

(6.)  The  following  test,  also  discovered  hy  Mohr,  answers  its'  purpose  admir- 
ably .--It  depends  upon  the  fact  that  a  very  dilute  solution  of  ferric  acetate, 
free  from  a  kaline  acetates,  is  unchanged  by  the  addition  of  a  few  drops  of 
sulphocyanide  of  potassium  solution,  and  retains  its  yellow  hue,  while  if  a 
mineral  acid  be  present,  it  colours  a  deep  red 

matne^ 'f^o  t ^l"""  ''''       tHe  foUowing 

manner  ._i wo  cc  of  a  10  per  cent,  solution  of  sulphocyanide  of  potassium  and 

AW  f  '  "'f      '  f °'  ^'"^"^  ""'''^'^  "P  t°  ^°  c°  (with  water). 

A  few  drops  of  the  solution,  which  is  of  a  ruby-red  colour,  are  placed  in  a  sma 
porcelain  dish,  and  one  or  two  drops  of  the  fluid  to  be  ested  are  a  loweT  to 
nckle  slowly  on  to  it.  If  hydrochloric  acid  be  present,  a  light  violet  coiour 
forms  at  the  point  of  contact  of  the  two  fluids,  which  ^ivesVace  to  a  deep 
mahogany-brown  when  they  mix.  This  test,  according  to  7.W,//lias  an  advan 
tage  over  the  aniline-dye  tests  in  that  its  result  is  not  materlallv  ai^^octed  bv  s"^ 
TpSnlLtr^'     "'"^^'"^^  ^^^^  '^"^'^  methyl-anilire-llettd 

2.  The  Aniline  Dye-Tests.-(«.)  Methyl-Aniline- Violet  Reaction— 
This  reagent  was  first  used  by  WUz  and  ^.7^e.    for  the  detection  of 

I 
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free  nimeral  and  organic  acids.  Maly  has  employed  it  for  physiological, 
Van  der  Velclen  for  clinical  purposes.'io  To  obtain  the  reaction,  the 
Huid  to  be  tested  is  mixed  with  a  violet-coloured  watery  solution  of 
methyl-anilme-violet.  If  very  much  free  hydrochloric  acid  be  present 
(as  is  never  the  case  in  the  gastric  juice),  the  fluid  will  be  bleached.  If 
a  moderate  quantity,  it  becomes  green  ;  and  if  very  little,  of  a  blue 
colour.  The  direct  examination  of  the  gastric  juice  never  shows  more 
than  the  transition  from  violet  to  blue.  Tor  the  detection  of  a  very 
small  proportion  of  acid,  Maly  recommends  that  the  mixture  should  be 
evaporated  to  the  bulk  of  one  or  tAvo  drops  on  the  water-bath.  So 
little  as  i  mgrm.  of  hydrochloric  acid  will  then  cause  the  change  from 
violet  to  blue. 

Kost^^  recommends  the  addition  of  a  lo  per  cent,  solution  of  tannin 
before  testing  with  methyl-violet,  in  order  to  precipitate  peptones,  which 
would  otherwise  hinder  the  reaction. 

(&.)  Tropseolin  (oo)  in  alcoholic  or  watery  solution  yields  a  ruby-red 
or  dark-brown  red  colour  in  presence  of  free  acids.  Ewald  ^2  maintams 
that  this  reaction  constitutes  the  most  sensitive  test  for  free  lactic  as 
well  as  hydrochloric  acid.  Boas,^^  who  takes  the  same  view,  employs  a 
tropajohn  test-paper  for  the  purpose. 

(«.)  Fuchsin.— The  test  with  fuchsm  is  far  from  sensitive,  and  on 
that  account  of  little  utiUty. 

(d.)  Emerald-Green.*— The  so-caUed  "  crystaUised "  emerald-green 
affords  a  sensitive  test  for  free  hydrochloric  acid.  Concentrated  solu- 
tions of  hydrochloric  acid  give  reddish  brown,  and  very  dilute  solutions 
a  grass-  or  a  yellomsh-green  colour,  with  this  reagent. 

A  brilliant-green,  obtamed  from  the  same  laboratory,  has  proved  a 
very  eflBcient  test.  Five  mgrms.  of  this  reagent  will  serve  to  detect  0.48 
mcrrm  of  hydrochloric  acid  dissolved  in  6  cc.  of  water,  giving  to  the 
solution  a  bright  green  tint.  It  is  to  be  noted,  however,  that  a  similar 
effect  is  obtained  where  acetic,  formic,  or  lactic  acid  is  present  m  a  higher 
degree  of  concentration.    Bourcjet «  also  uses  a  brilHant-green. 

The  other  emerald-greens  produced  \>j  Bayer,  and  distinguished  as  emerald- 
green  (extra  crystallised)  and  emerald-green  ii.  and  iii.,  P'-°;'«'i,."f^f"\^f, 
fensiti ve  Of  the  other  reagents  tested,  Kaiser  blue  [Gusicr,  Berlin)  was  but  little 
sensitive  Its  solutions  turned  a  brown-green  with  concentrated  hydrochloric 
acid  and  an  azure-blue  with  dilute  acid.  A  number  of  green  pigments  prepared 
by  Poiricr  of  Paris  were  ineffective  as  tests  for  the  acid. 

Koster^^  has  recently  employed  malachite-green  with  good  results  a.^ 
a  test  for  hydrochloric  acid. 

*  This  substance  is  made  at  B.Bayers  laboratory,  ElberfeUl,  and,  with  other 
reaJnts  ha«  been  made  the  subject  of  expenmont  at  the  authors  request  by  Du 
Volrjt,  on  whose  authority  the  statement  in  the  text  is  made. 
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(e.)  Congo-Red. — This  is  an  aniline  dye,  whicli  was  hrst  used  a.s  a  test 
for  free  acid  by  Herzberg.    It  may  be  employed  most  conveniently  in 
the  form  of  filter-paper  saturated  with  the  reagent,  as  recommended  by 
Husse/in,  Riecjel,  and  liis  pupils,''''  for  the  detection  of  free  liydrocliloric 
acid.*"    This,  when  immersed  in  a  fluid  containing  free  liydrochloric 
acid,  turns  blackish-blue  or  blue,  according  as  much  or  little  acid  is 
present.    This  efl'ect  is  not  obtained  with  organic  acids  or  acid  salts  in 
dilute  solutions,  and  the  intensity  of  the  reaction  is  lessened  in  presence 
of  proteids  and  of  salts  in  large  proportion.    Tlie  efficiejicy  of  the  test 
is  undoubted,  and  notwithstanding  that  its  use  is  subject  to  certain 
fallacies, the   Congo-red   test-papers   must  be  classed  Avith  l^enzo- 
purpurin  and  the  aniline-violet  reagent  as  most  suited  to  the  purposes 
of  the  practitioner. 

(/)  Phloro-Glucin  and  Vanillin.— The  reagent  recommended  by  Gunz- 
hurcj^^  contains  2  grms.  of  phloro-glucin  and  i  grm.  of  vanillin  dissolved 
in  too  parts  of  alcohol.    When  hydrochloric  acid  is  added  to  this,  it 
deposits  beautiful  red  crystals.    For  the  detection  of  the  acid  in  the 
gastric  juice  it  is  employed  thus  :— To  the  fluid  to  be  tested  for  acid  an 
equal  quantity  of  the  reagent  is  added,  and  the  mixture  evaporated  on 
the  water-bath.    The  presence  of  hydrochloric  acid  is  shoAra  by  a  deli- 
cate rose-red  tinge  on  the  surface  of  the  porcelam  dish.    In  this  way  so 
httle  as  0.06  per  cent,  of  the  acid  is  discernible,  and  the  reaction  is' not 
impeded  by  organic  acids,  albumin,  or  peptone.  ■  By  its  means  the 
author  50  has  often  detected  0.001  mgrm.  of  acid  in  10  cc.  of  -astric 
juice.   It  IS  further  commended  by  Haas.^^    This  observer  has  similarly 
employed  other  colour  substances,  as  eosin  and  methyl-orange,  but 
experience  does  not  justify  their  use.52    Boas  and  Puriz^^  have  recom- 
mended resorcin  for  the  purpose,  but  it  is  less  sensitive  than  Giinzburrf, 
reagent. 

(^7.)  Benzo-Purpurin.-A  stiU  more  sensitive  colour-test  is  that  fur- 
nished by  benzo-purpurin  6  b.  Five  mgrms.  wiU  serve  to  show  o  30 
mgrm.  of  acicl  dissolved  in  6  cc.  of  water  {HelMroml  causing  the  daf 
red  colour  of  the  solution  to  give  place  to  a  light  violet.  A  similar 
change  is  eflfected  with  acetic,  formic,  and  lactic  acids;  but  the  colour 
obtained  with  organic  acids  is  rather  a  brownish-violet,  and  requires  a 
greater  quantity  of  the  latter  for  its  production  ;  in  the  case  of  aceti 

stnps  of  filter-paper  ui  a  saturated  watery  solution  of  benzo'purpurin 
6  b  and  subsequently  allowing  them  to  dry.    If  one  of  these  be  p  c 
l>o  gastric  juico,  it  will  immediately  stain  a  dark  blue,  pr  v  d 
l.y.lrochlonc  acid  be  present  in  a  proportion  not  less  than  0.4  .rm  t 

(lactic  or  butyric)  acuds,  or  to  .dnuxturo  of  the.se  with  the  hvdrn 
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chloric  acid.  The  ambiguity  in  this  case  may  he  di.spelled  by  i)lacing 
the  paper  so  stained  in  a  test-tube  and  shaking  it  up  with  sulpliunc 
ffither,  when  so  nuich  of  the  colour  as  is  due  to  the  presence  of  organic 
ncids  will  speedily  disappear,  leaving  a  lighter  stain,  or  restoring  the 
paper  to  its  original  tint.  If  hydrochloric  acid  alone  Ijc  present,  no 
change  will  be  effected  in  this  way,  and  even  after  the  lapse  of  twenty- 
four  hours  the  blue  stain  will  be  only  slightly  displaced.  It  is  important, 
of  course,  that  the  aether  used  should  itself  be  free  from  acid.  To  ascer- 
tain this  its  reaction  may  be  tested  with  blue  litmus  paper. 

The  action  of  the  benzo-purpurin  test  is  not  seriously  interfered  with 
by  peptone  and  serum-albumin,  even  when  these  bodies  are  present  in 
large  quantity,  and  acid  salts  have  no  eifect  upon  it. 

The  following  experiments  are  of  interest,  as  showing  tlie  various  efEects 
obtained  from  benzo-purpurin  with  hydrochloric  and  organic  acids  :- 

Two  solutions  were  made,  one  of  4  grms.  hydrochloric  acid  in  100  cc.  of  water, 
and  another  of  o.i  grm.  benzo-purpnrin  6  B  in  600  cc.  of  water.  On  mixing  to- 
gether cc.  of  each,  a  beautiful  blue  colour  inclining  to  violet  developed,  and  a 
coloured  flocculent  precipitate  formed  on  standing.  The  addition  of  hydrochlonc 
acid  caused  this  precipitate  to  dissolve,  and  it  reformed  on  the  further  addition 

°^The  sime  effect  was  produced  whether  the  solution  contained  0.4  or  0.04  grm. 
hydrochloric  acid  in  100  cc,  3  cc  being  taken  in  each  case.  Three  cc.  of  a  solu- 
tion holding  0.004  grm.  hydrochloric  acid,  when  added  to  3  cc  of  a  solution  of 
0.1  grm  bfnzo-purpurin  in  600  cc.  of  water,  gave  an  evident  violet  coloration 

With  fo'rlic^of  buivric  acid,  to  obtain  the  reaction  rather  less  than  0.04  grm. 
in  100  cc.  of  water  was  required  ;  with  acetic  acid,  something  more  than  0.04 
grm°;  with  lactic  acid,  over  0.004  grm.  in  100  cc.  In  all  cases  alike  3  cc.  were 
taken  of  each  solution. 

A  comparison  of  the  Congo-red  and  benzo-purpui-m  6  b  test-papers 
shows  that  the  latter  are  the  more  sensitive,  and  they  deserve  the  pre- 
ference for  practical  purposes.  Hyper-acidity  and  the  preponderance 
of  organic  acids  in  the  gastric  juice  can  be  shown  by  this  sunple  pro- 
cedure in  the  space  of  a  few  minutes.  _ 

None  of  these  coloration  processes  give  entirely  satisfactory  conclusions 
In  cases  where  the  reaction  is  positively  obtained,  free  hydrochloric  acid 
is  undoubtedly  present ;  but  we  may  fail  to  obtam  the  result  when  the 
castric  juice  contains  albumin,  peptone,  or  salts  in  considerable  quantity, 
:ven  win  free  hydrochloric  acid  is  present  also.-    The  reactions  with 
methyl-aniline-violet,  Congo-red,  and  benzo-purpunn  are  the  most  to  be 
depended  upon.   They  will  not  serve  for  scientific  purposes,  but  m  view 
of        Ulicity  they  are  of  the  utmost  value  ui  bedside  observation.- 
,  TTffPlmann's  rests.-IWmann has  employed  the  colouring-matter  of  claret 
3  Uffeto;^°;  f^*^^,      the  gastric  contents,  and  quite  recently,  as  a  still 
in  testing  fo'-  f'^«<^  ^"^^^^^^^  extract  of  bilberries,  which  he  applies 

bTmeirrS^^  it.'^    The  reaction  depends  upon  the  fact 
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that  the  colour  of  such  a  test-paper  changes  in  presence  of  hydrochloric  acid 
even  when  peptone,  albuminates,  and  salts  are  present,  from  greyish-blue  to  a 
rose  tint,  which  persists  after  the  paper  has  been  washed  with  a3ther. 

Lactic,  acetic,  and  butyric  acids  give  similar  reactions,  but  only  when  in  such 
a  degree  of  concentration  as  is  never  found  in  the  gastric  juice  ;  and,  moreover, 
the  reaction  obtained  with  them  is  destroyed  by  the  addition  of  aether. 

[Dreschfcld'^  employs  Uifelmaun's  test  in  a  modified  form.  The  test  solution 
consists  of  0.5  cc.  of  claret  (unadulterated),  3  cc.  of  90  per  cent,  alcohol,  and  3  cc. 
of  a3ther ;  the  solution  is  almost  colourless,  and  is  rendered  a  rose  colour  by 
the  presence  of  a  minute  quantity  of  hydrochloric  acid.  This  test  is  said  by 
Dreschfdd  not  to  be  interfered  with  by  the  presence  of  peptone  or  albumin. 
Lactic  acid  gives  a  similar  reaction  only  when  occurring  in  a  more  concentrated 
form.    The  mixture  does  not  keep  long,  and  has  to  be  freshly  prepared.] 

4.  Ultramarine  and  Zinc  Sulphide.— These  substances  were  suggested  by  Mali/^ 
and  employed  by  Kahler^^  as  a  test  for  free  hydrochloric  acid  in  the  contents 
of  the  stomach.  Ultramarine,  according  to  Kraus,^'^  is  a  test  for  free  acids 
in  general.  It  is  decomposed  by  them  even  in  dilute  solutions,  sulphuretted 
hydrogen  being  given  off,  while  silicic  acid  and  sulphur  are  precipitated.  Zinc 
sulphide,  again,  is  dissolved  in  dilute  acids  with  the  evolution  of  sulphuretted 
hydrogen.    It  is,  however,  insoluble  in  acetic  acid. 

In  testing  for  hydrochloric  acid  the  process  is  as  follows  :— About  20  cc.  of 
the  fluid  under  examination  is  placed  in  a  crystallising  crucible,  and  so  much 
ultramarine  is  added  as  will  suffice  to  give  it  immediately  a  blue  tinge.  The 
crucible  is  then  covered  with  a  watch-glass,  from  which  depends  a  strip °of  filter- 
paper  soaked  in  solution  of  sugar  of  lead,  and  the  mixture  is  gently  heated  in  the 
water-bath.  After  the  lapse  of  a  quarter  of  an  hour,  if  hydrochloric  acid  be 
present  the  blue  colour  of  the  fluid  will  have  given  place  to  a  brown  tint,  while 
the  lead-paper  will  be  stained  brown  or  black.  Sulphide  of  zinc  (as  much  as 
will  fit  on  the  point  of  a  knife)  is  then  added  to  another  specimen,  and  the  same 
process  repeated,  when  the  brown  or  black  stain  upon  the  lead-paper  will  a-ain 
show  the  presence  of  hydrochloric  acid.  The  reactions  are  rendered  more  feeble 
by  the  presence  of  salts  and  of  phosphates  in  particular.  They  can  be  obtained 
also  with  organic  acids  (lactic  and  acetic)  in  more  concentrated  solutions. 

These  circumstances,  and  the  comparative  complexity  of  the  process 
render  its  application  at  the  bedside  a  matter  of  difficulty.   Whereas  on 
the  other  hand,  we  possess  in  the  methyl-aniline-violet,  benzo-purpurin 
and  briUiant-green  reactions  a  series  of  tests  which  are  at  once  ready 
and  accurate. 

B  Qicantitative  Estimation  of  Free  Hydrochloric  Acid.-This  can  be  accuratelv 
effected  by  the  very  complicated  process  of  Bidder  and  Sckraidt.^^^  All  the  acidl 
and  bases  in  the  gastric  juice  are  quantitatively  estimated,  the  proportion  of 
each  in  zoo  cc.  o  fluid  ascertained,  and  their  equivalents  com^uSd  The 
remaining  hydrochloric  acid  is  that  which  is  free  in  the  secretion. 

Ano  her  method  for  the  determination  of  this  body  depends  upon  the  fact 

medium  To  utilise  this  property  for  the  purpose  in  hand,  Richet<^'^  shakes  ui> 
the  gastric  luice  with  aether,  and  determines  by  titration  he  quantity  of  acid 
ToJiuon'  ^^^'^  -tainecl  in  the  1";' 

vnl^T"^:,'\^^?''^^r.'^^"'"'"'^^""  adopted  the  expedient  of  collectino-  the 
volatile  acids  by  distillation,  lactic  acid  by  extraction  with  aether,  and  cor^bhiSng 
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the  hydrochloric  acid  separated  from  tlie  organic  acids  witli  cinchonine,  shaking 
up  the  newly-formed  hydrochlorate  of  cinchonine  with  chloroform,  changing 
the  acid  into  its  silver  salt,  and  finally  weighing  the  chloride  of  silver  obtained. 
A'iistcr  (see  p.  130)  has  endeavoured  to  determine  the  quantity  of  hydrochloric 
acid  in  the  gastric  juice  by  a  process  of  titration  with  alkalies  after  the  addition 
of  methyl-aniline-violet. 

Giinzhunj's  reagent,  according  to  Eviald,^^  will  also  furnish  a  means  of  approxi- 
mately estimating  the  quantity  of  hydrochloric  acid  present. 

1.  Leo's  Method.— This  has  been  already  described  (p.  128).  If  fatty 
acids  and  lactic  acid  be  present,  their  proportion  must  be  determined 
(see  p.  139),  and  deducted  from  the  total  acidity.  The  difference  ■  will 
express  the  quantity  of  HCl.  According  to  Kossler,<^^  the  method 
is  accurate.  Both  it  and  that  which  follows  serve  Avell  enough  for  the 
estimation  of  physiologically  active  hydrochloric  acid. 

2.  Sjoqvist's  Meth.oA.—Sjiiqvist     has  recently  mtroduced  a  process 
for  the  estimation  of  free  hydrocliloric  acid  in  the  gastric  juice  founded 
upon  the  foUoAving  facts  :— The  acids  of  the  secretion  may  be  changed 
into  their-  barium  salts  by  the  action  of  barium  carbonate,  and  when 
these  are  incinerated,  the  baryta  salts  of  the  organic  acids  leave  barium 
carbonate,  whilst  the  chloride  of  barium  resulting  from  the  combma- 
tion  with  hychocliloric  acid  remains  unchanged.    The  latter  may  then 
be  separated  from  the  insoluble  carbonate  by  extractmg  the  ash  with 
warm  water,  and  its  quantity  estimated  by  titration  with  chi-omate 
solution.    The  details  of  SMvisfs  method  are  these     Ten  cc.  of  the 
gastric  juice  are  filtered  and  placed  in  a  platinum  or  silver  crucible, 
and  barium  carbonate  free  from  chlorides  added  in  excess.    The  fluid 
is  then  evaporated  to  dryness  at  a  gentle  heat,  and  the  residue  charre.l 
and  strongly  heated  for  some  minutes.    After  cooling,  the  residue 
is  treated  with  10  cc.  of  water,  the  mixture  rubbed  up,  extracted 
repeatedlv  with  boiling  water,  and  filtered  until  the  filtrate  has  a  bulk 
of  50  cc  "  The  quantity  of  chloride  of  barium  in  solution  is  best  esti- 
mated by  titration  with  bichromate  of  potash.    This  body  gives  wuth 
salts  of  barium  a  precipitate  of  barium  chromate,  which  is  insoluble 
in  water  and  acetic  acid,  and  soluble  in  hydrocldoric  acid.    A  solution 
of  bichromate  of  potash  of  known  strength  is  added  from  a  burette, 
until  aU  the  barium  present  is  precipitated  in  the  form  of  chromate 
A  subsequent  excess  of  bichromate  of  potash  would  give  to  the  fluid 
a  deep  red  colour,  which  would  tend  to  mask  the  result    This  may  be 
prevented  by  the  use  of  tetra-paper  (tetramethylparaphenyl-diaimne), 
Ihich  has  L  property  of  staining  blue  with  oxidishig  substances. 
In  the  process  of  titration,  therefore,  the  filtrate  is  mixed  with  on^^^^ 
fourth  or  one-third  its  volume  of  alcohol  and  3-4  cc   of  a  solutio 
holding  10  per  cent,  acetic  acid  and  10  per  cent,  acetate  of  soda  and 
tiated  wit  1  a  solution  of  bichromate  of  potash  (8.5  grms.  to  the  litre) 


ESTIMATION  OF  HYDROCHLORIC  ACID. 


until  a  faint  trace  of  blue  appears  uiDon  the  test-paper.  The  addition  of 
acetic  acid  and  acetate  of  soda  has  for  its  object  to  ]iromote  tlie  precipita- 
tion of  chromate  of  barium,  and  at  the  same  time  to  prevent  the  forma- 
tion of  chromate  of  lime  from  the  small  quantity  of  lime  salts  and  free 
hydrochloric  acid  tliat  may  be  present.  From  the  quantity  of  bichro- 
mate of  potash  used,  that  of  the  barium  salt  formed,  and  also  of 
sulphuric  acid  present,  results  directly."'' 

This  process  is  attended  with  difficulty,  and  it  is  open  to  the  objection 
that  it  depends  too  much  on  the  judgment  of  tlie  observer.  The  follow- 
ing modification  of  it  is  more  accurate. 

3.  V.  Jaksch'  Modification  of  SjdcLvist's  Method. — It  is  the  author's 
practice  to  convert  the  cliloride  into  barium  sulphate,  and  by  Aveighing 
the  sulphate  to  calculate  the  amount  of  hydrochloric  acid  in  10  cc.  of 
gastric  juice.  To  that  end  the  uufiltered  gastric  juice  (10  cc.)  is  treated 
with  chlorine-free  carbonate  of  barium  in  excess,  and  placed  on  a  furnace 
in  a  thin  porcelain  crucible,  Avhere  it  is  evaporated  to  dryness,  then 
gently  fused  in  a  muffle  ;  the  residue  cooled,  extracted  with  boiling 
Avater,  and  filtered ;  the  filtrate  evaporated  on  the  water-bath  to  a  volume 
of  100  cc,  and  dilute  sulphuric  acid  added.  The  precipitate  (sulphate 
of  barium)  is  placed  on  a  thick  ash-free  filter,  washed  with  water,  fused 
in  a  platinum  capsule,  thence  removed  with  the  usual  precautions.''^ 
The  result  is  calculated  thus  : — 233  parts  by  weight  of  barium  sulphate 
(BaSOJ  correspond  to  73  parts  of  hydrochloric  acid  (HCl).  And  the 
quantity  of  the  latter  contained  in  10  cc.  of  tlie  gastric  juice  may  be 
calculated  from  the  formula 

x  =  j'A  X  M=  0.3132  X  M  V, 

Avhere  M  =  thequantity  of  barium  sulphate  obtained  from  i  o  cc.  gastric  juice 
x  =  th.e  quantity  of  hydrochloric  acid  sought  in  10  cc. 

This  method  enables  the  examination  to  be  effected  within  a  compara- 
tively short  time.  Its  accuracy  is  attested  by  Leo,  Lenhuscher,  PfungenP 
The  objections  made  to  it  on  the  ground  of  its  being  too  complicated  are 
ill-fomided."o  It  serves  for  the  estimation  of  HCl  equally  when  free, 
and  when  combined  with  organic  digestive  products  (proteids).  It  is 
doubtless  true  that  there  are  proteids  which  enter  into  combination  with 
HCl  in  such  a  way  that  the  acid  is  no  longer  perceptible  by  this  process,"  1 
but  the  author's  investigations  have  satisfied  him  that  such  combinations 
do  not  in  fact  occur  in  digestion.  Quite  lately  Xeo'2  has  contended 
against  the  principle  of  Sjoqvist's  method,  adducing  considerations  which 
gravely  affect  the  pretensions  to  accuracy  botli  of  that  method  and  of  the 
modification  of  it  just  described ;  the  result  of  Eos-fler's'^  researches,  how- 
ever, has  greatly  diminished  the  force  of  Lro's  oljjections.    It  would 
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appear,  indeed,  that  the  method  is  iiuippheabk!  where  phospliates  are 
present,  and  its  utility  is  much  curtailed  hy  this  fact.  In  any  case  it 
is  only  the  absolute  values  as  determined  by  the  method  wliich  ai'e 
affected.  The  conclusions  based  upon  them  remain  good.  Finally,  the 
observations  of  Rosenlieim'^'^  show  that  the  fallacies  which  Leo  has 
pointed  out  do  not  apply  to  a  bedside  examination.  Tlie  modifications 
of  Salko'wski  and  Fawitzky^^  and  of  Boas'<^  offer  no  special  advantages. 
Of  i?owr(7efs  process"  the  author  has  no  experience.  That  of  Winter 
and  Wagner,  according  to  Kossler,''^  yields  an  estimate  of  HCl,  free  and 
combined  with  proteids,  which  is  somewhat  too  high. 

4.  A.  Braun's  Method.'^^ — A  certain  quantity— 5  cc. — of  the  filtered 
gastric  juice  is  taken  and  its  acidity  determined  by  titration  with 
normal  soda  solution  in  the  maiiner  described  at  p.  127.    To  another 
5  cc.  of  gastric  juice  is  added  soda  solution  a  little  in  excess  of 
what  was  needed  to  neutralise  it.    The  fluid  is  now  incinerated  (see 
p.  134),  and  to  the  ash  is  added  as  many  cc.  of  tV  normal  sulphuric 
acid  solution  as  were  needed  of  iV  normal  soda  solution  to  neutralise  the 
specimen  taken,  i.e.,  5  cc.  of  the  filtered  juice.    The  ash  is  thus  dis- 
solved ;  the  fluid  is  warmed,  and  carbonic  acid  driven  off,  after  which 
a  solution  of  phenolphthalein  is  added  to  it,  and  it  is  titrated  with 
Jjj  normal  alkali  solution.   The  number  of  cc.  of      normal  soda  solution 
employed,  multipUed  by  0.00365  (see  p.  129),  gives  the  quantity  of  HCl 
in  s  cc.  of  gastric  juice.    This  method  is  founded  on  the  same  principle 
as  Sjdqvisfs,  but,  according  to  Kossler,^^  it  is  not  accurate,  since  the 
acidity  which  is  due  to  acid  phosphates  is  not  allowed  for. 

5  A  Hoffmann's  Metliod.si  —  In  testing  the  proportion  of  HCl  in  the 
gastric  juice,  Bofmann  has  availed  himself  of  the  property  which  HCl  pos- 
sesses of  inverting  cane-sugar,  i.e.,  of  breaking  it  up  into  dextrose  and  lavu- 
lose  so  that  the  polarisation-phenomena  of  its  solutions  are  altered.  The 
followino-   preparations   are  required  A  fluid  containing  known  quan- 

tities of° cane-sugar  and  HCl.  2.  Equal  quantities  of  cane-sugar  and  gastric 
iuice  3.  Gastric  juice  alone.  4-  Gastric  juice  with  cane-sugar  and  sodium 
acetate  in  equal  quantities.  The  rotatory  power  of  each  of  the  four  fluids  is 
ascertained  by  means  of  the  polarimeter,  and  they  are  then  allowed  to  stand 
in  a  warm  place  for  some  hours,  and  their  rotatory  power  again  investigated. 
The  calculation  is  then  made  by  the  formula,  log  A -log  (A-a;)-C,  where 
A  =  the  quantity  of  sugar  originally  present,  x=the  quantity  which  has  been 
converted  at  the  termination  of  the  process.  This  method  is  undoubtedly 
ingenious,  but  it  is  subject  to  the  drawback  that  it  requires  a  very  accurate 
polarimeter,  eight  polarimetric  examinations,  and  a  highly-complicated  calcula- 
Ton  Rec  ntly  it' has  been  much  simplifled  by  substituting  titration  with 
methyl  acetate  for  inspection  with  the  polarimeter.B^  The  ^^^f  °^„f 
have  shown,  however,  that  it  serves  only  for  the  estimation  of  free  HCl,  to  the 
exclusion  of  that  which  is  combined  with  proteids.  u       1  f 

^n  addition  to  those  described  here,  many  other  methods  have  been  brought 
forward  for  the  estimation  of  HCl,  but  they  possess  no  superior  advantages,  such 
ofThem  as  are  easier  of  application  being  proportionately  wanting  m  accuracy. 
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Amongst  them  are  those  of  C.  Th.  Miirner,  Mintz,  Jullcs,  Kronfeld,  and  Czyr- 
iiiansU.^^  Of  the  method  recently  suggested  by  MU/cc^'  the  author  has  no 
personal  experience.  The  principle  upon  which  it  depends— namely,  estimation 
of  the  total  quantity  of  chlorine  and  chlorides— is  not  new. 

(c.)  THE  QUANTITY  OF  HYDROCHLOEIC  ACID  PHYSIOLOGI- 
CALLY ACTIVE  IN  THE  GASTRIC  JUICE,  AND  ITS  DIAGNOS- 
TIC IMPORT. — Concerning  the  quantity  of  hydrochloric  acid  wliich  i.s 
secreted  normally  during  digestion  the  recorded  observations  are  very 
few.   Moritz,  Wohlvicmn,  and  v.  Jaksch  ^'^  have  investigated  this  subject. 
According  to  the  latter,  the  quantity  formed  during  digestion  in  healthy 
children  varies  greatly  with  the  nature  of  the  food,  and  generally  attain.s^ 
its  maximum  within  one  to  three  hours  after  a  meal.    With  milk,  which 
combines  very  readily  with  acids,  the  increase  is  slow ;  it  is  more  rapid 
with  nitrogenous,  slowest,  but  with  greatest  initial  rapidity,  with  fari- 
naceous food.     The  greatest  quantity  of  effective  HCl  was  obtained 
with  a  diet  of  milk  alone,  a  smaller  quantity  Avith  a  meat  diet,  and  the 
least  with  carbohydrates.    The  quantities  were  respectively: — 0.16 15 
gi'm.  (mean  of  fourteen  observations),  0.1563  grm.  (mean  of  eleven 
observations),  and  o.  1102  grm.  (mean  of  ten  observations),  in  100  cc. 
of  the  gastric  contents.     The  facts  are  the  same  in  healthy  adults. 
Thus  with  the  method  described  at  p.  135,  the  author  has  found  that 
when  200  grms.  of  ham  have  been  taken,  there  are  in  100  cc.  of  the 
gastric  contents  0.0643  gi"™--  of  HCl  in  thirty  minutes,  0.1529  grm.  in 
forty-five  minutes,  and  0.0992  grm.  in  an  hour.    From  this  it  follows 
that,  as  a  preliminary  to  basing  any  inference  upon  the  quantity 
of  HCl  secreted,  it  is  necessary  to  consider  what  food  the  subject 
of  the  inquiry  has  taken,  and  at  what  time  he  has  taken  it.  The 
absence  of  free  HCl,  or  its  presence  only  in  very  small  quantity,  fifteen 
to  thirty  minutes  after  a  meal,  has  no  pathological  significance.  But 
should  there  be  little  or  no  free  HOI  present  one  to  three  hours  after 
taking  milk  or  nitrogenous  food,  the  fact  is  evidence  of  a  grave  defect  of 
function.    A  large  quantity  of  HGl,  even  so  much  as  0.33  per  cent,  three 
hours  after  food,  does  not  necessarily  imply  functional  disorder  (hyper- 
secretion).   Such  considerations  must  always  be  weighed  m  forming  an 
inference  for  diagnostic  purposes.    Again,  for  practical  purposes,  those 
tests  alone  are  satisfactory  which  yield  information  concerning  the 
physiologically-effective  acid.    From  this  point  of  view  the  colour-tests 
are  insufficient,  but  they  have  the  advantage  of  being  easily  applied,  and 
where  approximate  results  are  desired  they  serve  well  enough.  For 
scientific  purposes  the  requirements  are         The  application  of  such 
methods  as  dispense  with  the  necessity  of  filtering  tlie  gastric  juice, 
since  this  process  is  attended  with  much  waste  of  the  acid  (v.  Jaksch).^' 
2.  That  the  method  chosen  should  be  one  M'hieh  takes  account  of  that 
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])art  of  the  .icid  wliich  is  pliysioloyically  circcfcivc.  These  requirements, 
iis  Kossler  lias  shown,  are  fulfilled  only  hy  Leo's  method,  when  applied 
to  artificial  digestion.  Whether  this  is  trne  of  the  natural  ga.stric  juice 
also  remains  to  be  proved.  Approximately  accurate  results,  however, 
may  be  obtained  by  the  author's  modification  of  Sjiir/visi'ii  process.  One 
of  these  methods  may  be  used  with  advantage  to  control  the  other. 
We  shall  return  to  this  point  presently  in  treating  of  the  contents  of 
the  stomach  in  different  gastric  disorders. 

It  may  be  suggested  here  that  for  the  terms  "  free  "  and  "  cond;ined  " 
hydrochloric  acid,  "physiologically  active"  and  "physiologically  in- 
active" should  be  substituted.  By  the  first  would  then  be  meant 
either  that  portion  of  the  acid  which  has  already  discharged  its  function 
4xnd  has  entered  into  combination  with  proteids,  or  that  which  is  still 
available,  and  therefore  in  the  literal  sense  free.^s 

The  investigation  of  the  functions  of  the  stomach  in  disease  of  all 
kinds,  and  especially  with  reference  to  the  secretion  of  hydrochloric  acid, 
has  of  late  years  been  pursued  with  the  utmost  energy.  The  contri- 
butions to  the  subject  which  possess  the  chief  diagnostic  interest  may  be 
briefly  mentioned.  Immermcum  and  Sclietty  §9  found  that  in  tubercu- 
losis there  was  no  change  in  the  secretion  of  HCl.  Their  conclusions 
are  supported  by  Chelinonsld,  Klemperer,  0.  Brieger,  Hildehmncl,  and 
Sclmalbe.^^  Grusdew,^^  on  the  other  hand,  observed  a  diminished  pro- 
duction of  the  acid.  Hiifler^-'  states  that  in  heart-disease  the  acid  is 
deficient,  but  tliis  is  not  in  accordance  with  the  observations  of  Einliorn, 

'  Adler,  and  Steni.^^ 

Biernacld  9*  and  the  author  have  noticed  a  considerable  deficiency  of 
the  acid  in  renal  disease  in  many  cases.^^  LenlmrU  9«  has  coUected  much 
information  upon  this  subject.  In  acute  and  chronic  dyspepsia  there 
was  a  remarkable  deficiency  of  free  acid  ;  in  chlorosis  a  similar  deficiency 
w^as  observed  in  45-6  per  cent,  of  the  cases  investigated,  whereas  m 
"astric  ulcer  the  condition  was  inconstant. 

From  these  facts  it  results  that  the  presence  or  absence  of  free  hydro- 
chloric acid  is  a  symptom  of  doubtful  import,  and  that  it  must  be 
weighed  in  conjmiction  with  the  other  circumstances  of  the  case.  It  is 
much  to  be  desired  that  measures  shoidd  be  taken  for  the  acqun-ement 
of  accurate  data  concerning  the  production  of  hydrochloric  acid  m 
diseases  of  the  stomach  and  other  parts,  and  this  may  be  done  by  tlie 
use  of  the  more  scientific  methods  indicated  here,  and  especially  by 
observance  of  the  precautions  mentioned  on  p.  i37-  It  is  sufficient  here 
to  point  out  that  a  failure  of  the  secretion  on  the  one  hand,  and  its  pro- 
duction in  excess  on  the  other,  are  alike  evidence  of  disease.-'  Then- 
precise  significance  will  be  dealt  with  later  (pp.  146,  148). 
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(d.)  ORGANIC  ACIDS  OF  THE  GASTRIC  JUICE.— In  this  con- 
nection ■we  have  to  deal  with  lactic,  acetic,  and  butyric  acids. 
.  1.  Lactic  Acid. — A.  Qaalitative  I'ests. — In  the  detection  of  this 
body  in  tlie  gastric  juice  the  carbolo-chloride  of  iron  test  is  to  be  recom- 
mended {Ujjelmann,  see  ref.,  p.  132),  (Kredel).^^  To  a  mixture  of  10  cc. 
of  a  4  per  cent,  solution  of  carbolic  acid  with  20  cc.  of  water,  a  few  drops 
of  perchloride  of  iron  solution  are  added,  and  the  resulting  amethyst- 
blue  colour  changes  to  yellow  in  presence  of  a  few  drops  of  lactic  acid. 
Alcohol,  sugar,  and  phosphates,  however,  yield  a  simdar  reaction  (Ewald).^ 

A  further  test  for  this  body  is  derived  from  a  very  dilute  solution  of 
perchloride  of  iron — two  to  five  drops  of  a  watery  solution  of  perchloride 
in  50  cc.  of  water. i''^  The  faint  yeUow  colour  of  the  fluid,  whilst  not 
affected  by  the  addition  of  hydrochloric,  butyric,  or  acetic  acid,  is  uiten- 
sified  in  presence  of  dilute  lactic  acid.  To  separate  lactic  acid  from  the 
gastric  juice,  the  distillation  residue  (see  below)  of  the  gastric  juice,  in 
which  the  acid  is  dissolved,  may  be  extracted  with  ajther,  and  submitted 
to  the  tests  described  elsewhere  (see  chapter  on  Urine). 

B.  Quantitative  Estimation. — This  may  be  effected  by  Calm  and 
V.  Mering's  method  (see  p.  133),  or  by  that  of  Leo.  10  cc.  of  gastric 
juice  are  taken,  and  when  the  fatty  acids  have  been  removed  (see  below), 
extracted  six  times  Avith  100  cc.  of  aether  in  a  separator-funnel,  the 
resultmg  aethereal  extracts  collected,  the  aether  driven  off  by  exposure  to 
the  air  by  heat  from  a  water-bath — (a  flame  must  not  be  used) — and  the 
residue  dissolved  in  water.  The  acidity  of  the  solution  is  then  deter- 
mined by  a  ^-^  normal  soda  solution.  Since  i  cc.  of  the  soda  solution 
corresponds  to  0.090  gi-m.  of  lactic  acid,  the  quantity  of  the  latter  con- 
tained in  10  cc.  of  gastric  juice  may  be  obtained  by  inultiplying  the 
immber  of  cc.  of  alkali  used  by  0.090. 

2.  Butyric  and  Acetic  Acids.— (a.)  Qualitative  Tests.~li  the  gastric 
contents  be  extracted  with  aether,  butyric  and  acetic  acids  may  b^  recog- 
nised by  their  smell  {Uffelmann).  To  separate  these  acids,  the  gastric 
juice  is  distilled  and  the  distillate  tested  in  the  manner  laid  down  for 
the  examination  of  the  urine. 

Hammarsten  102  prefers  not  to  distil  the  gastric  juice  tUrectly,  but  to 
neutralise  it  first  with  caustic  soda,  and  then  to  extract  with  alcohol, 
proceeding  afterwards  in  the  manner  to  be  described  for  tlie  detection 
of  fatty  acids  in  the  urine.  The  object  is  to  avoid  the  error  of  including 
fatty  acids  derived  from  proteids. 

Uffelmann  (ref.,  p.  132)  .lirects  attention  to  the  importance  of  a  syste- 
matic analysis  of  the  gastric  juice  for  the  detection  of  free  acids.  To 
do  this  the  contents  of  the  stomach  are  filtered  and  their  reaction  tested. 
Should  this  be  acid,  they  are  submitted  to  the  following  process :— The 
total  acidity  is  determined  by  titration  with  a  decinormal  solution  of 
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caustic  soda,  and  a  portion  is  tested  with  dilute  solution  (jf  percliloridis 
of  iron  for  the  presence  of  lactic  acid.  Another  portion  is  then  tested 
for  free  hydrochloric  acid  with  bilberry-dye  test-papers.  A  rose  colour 
obtained  when  the  degree  of  acidity  is  slight,  and  persisting  after  the 
addition  of  sether,  indicates  the  presence  of  hydrochloric  acid.  If,  on  the 
other  hand,  the  colour  is  entirely  destroyed  by  treatment  with  sether,  it  is 
evidence  of  considerable  quantities  of  lactic,  butyric,  and  acetic  acids. 

RiegfU^'^  and  Kuster  {ante,  p.  134)  have  employed  similar  methods 
with  success;  and  attention  may  also  be  directed  to  the  process  de- 
scribed at  p.  135. 

ih.)  Quantitative  Estimation— Led  s'^^^  method  is  the  following  :  10  cc. 
of  the  gastric  juice  are  taken,  and  the  total  acidity  determined  in  the 
manner  described  at  p.  128.  Another  10  cc.  are  filtered  and  boiled  until 
the  fumes  no  longer  present  an  acid  reaction.  The  residue  is  allowed  to 
cool,  and  is  then  titrated  with  deci-normal  solution  of  soda.  The  differ- 
ence between  the  acidity  of  this  and  the  former  specimen  is  that  due  to 
the  fatty  acids.  The  method  is  not  absolutely  accurate,  since  HCl  may 
be  driven  off  by  boiling. 

4.  Proteids.— Proteids  occur  in  the  gastric  contents  during  digestion, 
being  partly  formed  in  that  process,  and  in  part  derived  from  the  food. 
Their  recognition  affords  valuable  evidence  as  to  the  functional  condition 
of  the  stomach ;  and  to  make  its  import  clearer,  it  will  not  be  out  of 
place  to  refer  to  certain  facts  in  physiology.    The  period  of  digestion 
maybe  divided  into  two  stages,    (i.)  The  first  of  these,  wliich  lasts 
but  a  short  time  (15-20  min.),  is  occupied  chiefly  with  the  digestion  of 
starchy  matter,  and  is  characterised  by  the  presence  of  the  resultmg 
products,  and  especially  lactic  acid.    (2.)  The  second  stage  commences 
with  the  secretion  of  pepsin  and  an  active  gastric  juice,  by  means  of 
wliich  the  albumm  of  the  food  is  changed.    The  two  stages  pass  gradu- 
ally into  one  another,  and  authorities  are  not  agreed  as  to  whether  lactic 
acid  occurs  only  during  the  first  {Eioald,  Boas,  and  others)  or  m  the 
second  stage  of  healthy  digestion  also,  when  it  is  said  by  some  {Calm 
and  V.  Mering,  Bitter  and  Hirsch)  to  be  present  together  with  the  more 
abundant  hydrochloric  acid.  _ 

For  the  purpose  of  an  examination,  whether  in  a  healthy  individual 
or  otherwise,  a  test-meal  should  be  administered  on  an  empty  stomach 
This,  according  to  Ewald,  should  consist  of  a  dry,  well-baked  roll  and 
water  or  weak  tea;  whilst  Leuhe  and  Riegel  recommend  a  meal  of 
water-broth,*  semolina  and  flour-gruel,t  and  meat.     Ewald's  regimen 

*  Wassersuppe,  translated  here  as  water-broth,  is  nmde  of  boiling  water  with 
«,mall  sauares  of  dry  rolls,  some  salt  and  fresh  buttev. 

I  ZZppe,  seLlina  soup,  consists  of  semolina  boiled  i„  water  and  seasoned 
with  salt  and  butter  or  extract  of  meat. 


PROTEIDS  UREA  AMMONIA. 


141 


lias  the  advantage  that  digestion  is  at  its  lieiglit  within  an  hour  after 
the  food  lias  been  taken,  whereas  in  the  other  case  it  is  necessary  to 
wait  for  four  to  six  hours  before  the  examination  can  be  begun  The 
contents  of  the  stomach  are  obtamed  in  the  manner  described  at  p.  125. 
A  test-meal  of  this  kind  is  very  useful  for  many  jnirposes.  Klemperer 
and  the  author  administer  milk  in  the  same  way.  It  is  probably 
advisable  that  the  test-meal  should  be  of  the  simplest  possible  character, 
a  single  proteid,  as,  for  example,  egg-albumin,  or  a  carbohydrate  being 
given,  and  the  choice  will  be  made  in  accordance  with  the  subject  under 
investigation.  The  proteids  in  question  are  albumin,  hemialbumose, 
peptone,  and  syntonin. 

Albumin  and  hemialbumose  may  be  detected  by  the  process  detailed  in 
the  chapter  on  Urine.  Should  these  bodies  and  syntonin  be  absent,  the 
biuret  reaction  (red  coloration)  will  serve  directly  to  show  the  presence 
of  peptone.  If,  on  the  other  hand,  following  the  method  referred  to, 
other  proteids  (and  especially  those  which  are  coagulable  by  heat)  are 
found  to  be  present,  these  must  first  be  removed  in  the  usual  manner 
(see  chapter  on  Urine),  provided  a  sufficiency  of  material  remains  to 
work  upon.  The  filtrate  may  then  be  submitted  at  once  to  the  biuret 
test,  the  previous  precipitation  with  pliosphotungstic  acid  not  being 
necessary. 

Syntonin  may  be  known  by  its  being  precipitated  by  ueutrahsation 
from  its  acid  solutions. 

About  30-40  cc.  of  gastric  juice  will  suffice  for  an  examination  of 
this  kind  when  a  httle  skill  has  been  attained  in  conducting  it.  The 
pathological  specimens  Avhich  come  to  hand  rarely  exhibit  other  nitro- 
genous bodies  than  peptone,  as  is  the  case  also  when  the  contents  of 
the  stomach  are  examined  several  hours  after  the  test-meal  has  been 
taken. 

5.  Urea. — For  the  detection  of  urea,  one  of  the  methods  adopted  for 
the  same  purpose  in  connection  with  the  blood  (p.  69)  may  be  employed. 
Considerable  quantities  of  this  body  are  found  in  the  stomach  in  cases 
of  uraemia. 

6.  Ammonia. — Salts  of  ammonia  are  abundantly  present  in  the 
stomach  in  rare  instances.  Where  a  considerable  bulk  of  the  gastric 
contents  can  be  obtained  (as  by  vomitmg),  the  quantity  of  ammonia 
present  may  be  estimated,  after  the  removal  of  the  proteids,  by  Sal- 
IcowsJci's  method.i««  For  this  purpose,  50  cc.  of  the  vomited  matter  are 
taken,  20  grms.  of  pure  powdered  chloride  of  sodium  first  added,  and  then 
100  cc.  of  a  mixture  holding  seven  parts  by  volume  of  a  saturated  solu- 
tion of  chloride  of  sodium  and  one  part  of  acetic  acid  (1.040  sp.  gr.). 
The  whole  is  then  mixed  together,  allowed  to  stand  for  fifteen  to  twenty 
minutes,  when  it  is  measured  and  filtered.    Of  the  proteid-free  filtrate 
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50  to  100  CO.  are  measured  off,  treated  witli  milk  of  liiuc,  and  placed 
umler  a  bell-glass  containing  a  known  quantity  of  i/ioo  normal  solu- 
tion of  an  acid.  After  the  lapse  of  from  three  to  five  days,  the  latter 
is  removed  and  titrated  with  i/ioo  normal  alkali  solution  coloured 
with  rosolic  acid.  In  this  way  the  quantity  of  ammonia  absorbed  may 
be  determined. i'^" 

The  same  process  is  applicable  to  the  determination  of  ammonia  salts  in  the 
blood  and  other  fluids. 

7.  Carbohydrates.— Grape-sugar  may  sometimes  be  found  in  the 
stomach,  having  either  been  introduced  Avith  the  food,  or  formed 
there  by  the  action  upon  starch  of  saliva  which  has  been  swallowed. 
This  latter  mode  of  origin  belongs  especially  to  conditions  of  hyper- 
secretion of  HCl  {Rierjel,  see  p.  127,  Ewald).^o^  The  mode  of  testing  for 
sugar  is  the  same  here  as  in  the  blood  (p.  72),  the  proteids  bemg  first 
removed. 

The  phenomena  of  the  digestion  of  starch,  and  the  formation  of  its 
intermediate  products,  involve  some  points  of  interest.  An  hour  after 
food  has  been  taken,  under  ordinary  circumstances,  neither  starch 
(blue  colour  with  iodine  and  iodide  of  potassium  solution)  nor  erythro- 
dextrin  (red  with  the  same  reagent)  can  be  discovered  in  the  filtered 
gastric  juice.  Shoidd  it  happen  otherwise,  some  cause  tending  to  delay 
the  amylolytic  process  may  be  inferred,  and  this  may  be  sought  either 
in  the  fact  that  the  saliva  is  deficient  in  diastase,  or  that  there  is  an 
excessive  secretion  of  free  acid  by  the  stomach  at  the  outset  of  cUgestion 
{Ewald,  Boas,-'^^  Rosenheim  n").  In  health,  also,  when  amylaceous  food 
has  been  taken  in  quantity,  starchy  particles  may  be  found,  and  then- 
nature  determined  chemically  (see  p.  145)- 

5.  Estimation  of  the  Rate  of  Absorption  of  the  Gastric 

Contents.— The  rapidity  with  which  the  gastric  contents  are  absorbed, 
and  consequently  the  functional  activity  of  the  stomach  iu  this  respect, 
may  be  determined  thus,  after  Penzoldt  and  Faber}^^  A  capsule  con- 
tainincr  o.i  grm.  of  iodide  of  potassium  is  given  to  the  patient  to 
swallow.  The  saliva  is  then  tested  for  iodine  every  two  or  three 
minutes,  by  placing  a  little  of  it  upon  filter-paper  saturated  with 
starch-paste,  and  adding  a  drop  of  fuming  nitric  acid.  The  presence 
of  iodine  is  shown  by  a  blue  colour,  which  usuaUy  appears  m  8-15 
minutes.  According  to  Zwelfel,-^'''  this  period  is  prolonged-thus  indi- 
cating a  deferred  absorption-in  various  affections  of  the  stomach,  as 
dilatation,  cancer,  and  gastric  ulcer.  p^v,„c+«^aph 

6  To  Determine  the  Contractile  Activity  of  the  Stomach.- 

For'this  purpose  various  expedients  have  been  adopted.    Amongst  thein 
may  be  mentioned  those  of  Le^che,  Klemverer,  Sm  a-l  EioaW. 
lL  assumes  that  the  motor  function  of  the  gastric  walls  is  nnpaived 
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wlu'U  tlie  use  of  the  sound  shows  the  presence  of  food  seven  hours  after 
it  lias  been  taken.  Klemperef's  method  is  objectionable  ou  the  score  of 
discomfort.  Ewald  introduces  within  the  stomacli  a  gelatine-capsule 
containing  i  gnu.  of  salol.  This  decomposes  into  phenol  and  salicylic 
acid  as  soon  as  it  reaches  the  small  intestine,  and  rapidly  appears  in  the 
urine,  where  it  may  be  detected  by  solution  of  ferric  chloride  (see  chapter 
on  Urine).  The  interval  which  elapses  before  the  drug  appears  in  the 
urine  may  be  taken  to  indicate  the  length  of  time  required  for  the 
stomach  to  discharge  its  contents.  In  health  this  is  from  40  to  60 
minutes,  but  a  much  longer  time  in  gastric  atony  and  dilatation.  The 
results  obtained  in  this  way  have  no  utility  in  diagnosis."* 

7.  A  Summary  of  the  Chemical  Examination  of  the  Gastpic 

Contents. — It  is  seldom  that  sufficient  material  can  be  obtained  for 
the  systematic  examination  suggested  here,  and  it  will  be  necessary  to 
make  the  investigation  by  successive  evacuations  of  the  stomach,  the 
administration  of  test-meals,  &c.,  before  the  different  processes  can  be 
applied. 

1.  The  reaction  is  to  be  tested. 

2.  A  known  quantity  of  the  fluid,  say  10  cc,  is  taken  for  the  deter- 
mination of  acidity. 

3.  Another  quantity  of  10  cc.  is  examined  to  sliow  the  presence  of 
pepsin  and  milk-curdling  ferment. 

4.  The  benzo-purpuriu,  Congo-red,  and  brilliant-green  tests  for  free 
hydrochloric  acid  are  applied,  and  the  latter  estimated  quantitatively  by 
Sjdqvist's  method. 

5.  A  rough  estimate  is  made  of  lactic,  butyric,  and  acetic  acid  in  the 
manner  described  at  p.  139. 

6.  Examination  for  proteids,  this  being  confined  to  serum-albumin 
and  peptone  Avhere  sufficient  material  cannot  be  had. 

7.  Test  for  starch  and  its  digestive  products. 

8.  The  remainder  of  the  fluid  is  distilled,  and  the  residue  shaken  up 
with  £ether,  to  determine  accurately  the  quantity  of  lactic  acid  which  it 
contains  (p.  139).  The  distillate  is  tested  for  fatty  acids  in  the  manner 
described  in  the  chapter  on  Urine. 

II.  THE  INTESTINAL  JUICE.-In  the  present  state  of  our  know- 
ledge the  investigation  of  the  intestinal  juice  lends  but  little  aid  to 
clinical  study.  N otwitlistaiiding  this,  the  subject  is  worthy  of  attention, 
and  It  IS  probable  that  before  long  it  will  be  brought  within  the  sco,,e 
of  a  practical  inquiry. 

1.  Naked-Eye  Characters.— The  intestinal  juice  is  a  mixed  secre- 
tion derived  from  several  glands,  and  its  character  varies  with  the  part 
of  the  tract  from  whicli  it  is  taken.    In  the  small  intestine  it  is  the 
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product  of  Brunner's  and  Liehcrkuhn's  glands,  tlie  liver,  and  the  pancreas. 
It  is  only  this  iluid,  which  is  a  compound  of  hdo,  pancreatic  fluid,  and 
the  secretion  of  the  intestinal  glands,  that  will  Ije  noticed  here.  It 
is  a  clear  yellow  thin  fluid  of  a  strongly  alkaline  reaction,  and  sp.  gr. 
1.009  -  1. 01 1.  On  standing  exposed  to  the  air  it  turns  to  a  grass-green 
•colour.i^^ 

2.  Formed  Elements.— Concerning  these  nothing  is  accurately 
known.  . 

3  To  Obtain  the  Intestinal  Juice.— According  to  Boas,'^'''  it  is 

first  ascertained  whether  the  stomach  is  empty.  Should  it  be  so,  the 
patient  is  made  to  lie  down,  and  the  abdomen  over  the  region  of  the 
caU-bladder  is  massaged;  then  the  patient  is  made  to  stand  upright,  and 
the  sound  is  again  introduced,  when  he  once  more  assumes  the  horizontal 
position,  and  the  fluid  is  pressed  out.  _ 

4  Chemical  Constitution  of  the  Intestinal  Juice.-The 

intestinal  juice  contains  bde-acids  and  bile-pigments,  syntonin  peptone, 
a  small  quantity  of  leucin  and  tyrosin  (comp.  Chapter  VII.),  and  a 
number  of  ferments,  of  which  the  chief  are  the  tryptic,  f at-sphttmg,  and 
emulsifying*  (pancreatic),  diastatic,  and  invertmg  ferments. 

Concerning  the  changes  which  the  secretion  undergoes  m  disease 
iiothmc  is  yet  known.  Boas  Avas  the  first  to  introduce  the  subject  of 
dic^estion  in  the  small  intestine.  Physiological  research  has  yet  to  pave 
the  way  before  our  knowledge  in  the  matter  can  be  applied  to  he  pur- 
poses of  diagnosis.  Nevertheless,  the  few  facts  which  have  been  brough 
to  h.ht  by  Boas  and  Noorden^^^  afford  ample  prospect  of  a  rich  harvest 
both  of  physiological  and  clinical  results  from  further  study  m  this 
direction.i^^ 

nl  EXAMINATION  OF  THE  VOMIT.-The  ™mit  includes  fte 
secre  ions  of  the  mouth  and  n,»l  passages  wMch  ha^e  been  swaUowed, 
Td  a  foi-  the  most  part,  already  undergomg  digestion,  the  gastric  ju,  e 
a^d  ingested  substances,  in  part  altered  by  the  action  0  the  stomach, 
and  mrtlv  unchanged    Jurther,  it  sometimes  contains  hi  e. 

The  naked-eye  Ld  microscopical  appearances  vary  with  its  consftu- 
tion  and  chiefly  ,vith  the  abundance  and  character  of  the  food.  Apa 
r^m  uch  eoJitnents  as  are  derived  from  the  mucous  inen,l,r.a„e  of 
Tth  and  nasal  passages,  and  whi^  have  been  »  -^^^  M 

hum  both  "  ^  the  action  of  the  gastric  ju.ce  that 

«  Udatea  red  b.ood.orp„scles, 

*  [It  y,  however,  doubtful  if  there  is  an  emulsifying  fennent.] 


CONSTITUENTS  OF  THE  VOMIT. 


usually  seen  as  colourless  rings,  and  very  sekloni  in  a  quite  [lerfect  state  ; 
(4)  the  following  derived  from  the  food : — 

1.  Muscle  fibres,  readily  recognisable  by  their  transverse  striation. 

2.  Fatty  globules  and  fat-needles,  which  are  sufficiently  characterised 
by  their  refracting  property  and  their  solubility  in  a?t]ier. 

3.  Elastic  fibres  and  connective  tissue. 

4.  Starch  granules,  to  be  recognised  by  their  concentric  arrangement 
and  by  their  jH-operty  of  staining  blue  with  iodo-potassic-iodide  solution. 
These  bodies  are  frequently  disintegrated  and  more  or  less  dissolved  by 
the  process  of  digestion. 

5.  Vegetable  cells  of  various  forms. 


Fig.  64.— CoUective  View  of  Vomited  Matter  (eye-piece  III.,  objective  8a,  RcicheH). 


a.  Muscle  fibres. 
h.  "White  blood-corpuscles. 

c,  c'.  Squamous  epitlielium. 
c".  Columnar  epithelium. 

d.  Starch  grains,   mostly  al- 

ready changed  by  the 
action  of  the  digestive 
juices. 


e.  Fat  globules. 

/.  Barcina  ventriculi. 

g.  Yeast-fungi. 

h.  Forms  resembling  the  com- 

ma-bacillus, found  by  the 
author  once  in  the  vomit 
of  intestinal  obstruction. 


.  Variousniicro-organisms,suoh 
as  bacilli  and  micrococci. 

■.  Pat-needles;  between  them 
connective  tissue]£.derived 
from  the  food. 

.  Vegetable  cells. 


In  addition,  the  vomit  in  disease  displays  a  gi-eat  variety  of  funcroid 
growths  {W.  de  Bary^^%  depending  upon  the  nature  of  the  underlying? 
process.    Amongst  these  : — 

1.  Mould- Fungi  and  scattered  conicUa  have  occasionally  been  found. 
These  are,  so  far  as  we  know,  devoid  of  pathological  significance. 

2.  Yeasts.— (a.)  Saccharomyces  cerevisice.  These  are  about  the  size 
of  leucocytes,  and  refract  light  powerfully.  They  cohere  in  groups  of 
three  or  more,  and  stain  deeply  a  brownish-yellow  with  iodine  and  iodide 
of  potassium.  Very  often  there  arc  also  to  be  seen  elliptical  bodies 
resembling  Saccharomyces  ellipsoideus  (i?ees).i20 

K 
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(/a)  Very  small  yeast-like  fungi  in  thick^'lustur.s  (lig.  64,  fj). 
(c.)  More  seldom  higlily-refracting  rod-like  l)odio.s,  of  considerable 
length  and  thickness,  which  generally  exhibit  a  single  nucleus.  They 
.are°  rounded  off  at  the  ends,  and  are  sometimes  separate,  sometimes 
strung  together  in  strands.  It  would  seem  that  these  are  the  agents 
in  lactic  acid  fermentation  of  sugar. 

3.  Fission-Fungi.— The  forms  belonging  to  this  class  are  many  and 
various.  They  include  rod-like  bodies,  which  stain  blue  Avith  iodo- 
potassic-iodide  solution,  bacilli  and  micrococci  of  every  description,  and 
in  particular  a  bacillus  which  possesses  the  property  of  changmg  glyce- 
rine into  alcohol  by  fermentation  (fig.  64,  i). 

Sarciuffi  ventricuHi^^  may  easily  be  known  by  their  shape,  resembhng 
that  of  wool-packs,  their  dark  silver-grey  tint,  and  their  property  of 
staining  a  deep  mahogany-brown  to  reddish-brown  with  the  lodo-potassic- 

iodide  solution  (fig.  64,  /). 

4fter  this  cveneral  view  of  its  microscopical  appearances,  we  sliali 
.advert  to  the  "physical,  chemical,  and  microscopical  characters  of  the 
vomit  m  certain  diseases. 

1  Acute  Gastritis— In  this  condition  the  vomit  consists  partly  ot 
mucus  which  has  been  swaUowed,  and  partly  of  half-digested  food 
residues.  MicroscopicaUy  it  displays  the  appearances  aheady  detailed, 
which,  however,  are  here  subject  to  much  variety,  and  notably  a  lew 
red  blood-corpuscles  are  generaUy  to  be  seen. 

Its  chemical  character  varies  greatly  {Ewald)P^  At  the  outset  of  the 
affection,  hydrocliloric,  and  commonly  lactic,  acid  in  the  free  state  are 
wanting.  The  addition  of  the  former  wiU  estabHsh  a  slow  digestive 
process"  FAoam'^^  has  been  unable  to  determine  the  presence  of  fatty 
acids  in  notable  quantity,  and  the  proportion  of  pepsin  would  appear 
to  be  considerably  diminished. 

The  vomit  usuaUy  is  coloured  green  from  the  admixtui^  of  bile  pig- 
ment (biliverdin).    It  often  also  contains  biliary  acids.    The  first  may 
be  recognised  by  Gmelin's  test  (see  chapter  on  Urine),  and  the  latter  by 
Pettenk"ofer's  (L  p.  76),  or  by  means  of  the  furfurol  and  sulphuric 
.  .del  reaction  (see  Urine).   Much  remains  to  be  learnt  as  to  the  chemical 
pecuHarity  of  the  gastric  contents  in  this  condition. 
^  2    Chronic  Gastritis. -The  vomit  is  a  thin  mucous  fluid  (vomiUis 
matutinus),  of  alkaline,  or  it  may  be  weakly  acid,  reaction.    Van  der 
T^^/l^  h    shown  that  it  always  contains  pepsin  and  hydrochloric  acid, 
I„ic  acids,  especially  acetic  and  butyric  acids.     t  is  common  y 
r  h  ^Voteids,  Ind  notably  peptones,  which  may  be  easily  d.stn.guish^ 
by  th"  tests  which  will  be  subsequently  described  in  connection  w^^^ 
the  exammation  of  the  urine.    Bile  pigment  is  also  genera  ly  pr^ent. 
Recent  observations  seem  to  show  that  it  is  possible  to  distuiguish 
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the  different  forms  of  gastric  catarrh  hy  the  results  of  the  chemical 
niethods  descrilied  above.  FolloMnng  the  conclusions  of  Uwald,  we  may 
discriminate  (i)  Simple  gastritis,  (2)  acid  gastritis,  (3)  mucous  catarrli, 
(4)  atrophy. 

1.  In  the  first  form,  siinjjle  gastritis,  the  test-breakfast  is  never 
followed  by  increased  acidity ;  the  proportion  of  hydrocliloric  acid  is 
diminished ;  the  secretion  contains  little  pejjsin  and  milk-curdling 
ferment,  and  generally,  though  not  always,  includes  lactic  and  fatty 
acids.    On  the  addition  of  acid  the  secretion  shows  digestive  activity. 

2.  In  acid  gastritis  acidity  is  increased,  especially  that  due  to  hydro- 
chloric acid.    In  other  respects  the  condition  is  that  of  simple  gastritis. 

3.  In  the  third  form,  viucous  catarrh,  acidity  is  always  slight  and 
hydrochloric  acid  absent ;  there  is  abundance  of  iiropeptone,  but  no  pep- 
tone. Milk-curdling  ferment  is  absent,  or  it  may  develop  only  after  a 
prolonged  interval.  Artificial  digestion  requires  the  addition  of  hydro- 
chloric acid. 

4.  In  atrophic  gastritis  the  fasting  stomach  is  usually  empty,  and  its 
contents,  after  the  administration  of  the  test-meal,  is  free  from  mucus, 
and  altogether  wanting  in  pejasin,  hydrochloric  acid,  and  the  miUt- 
curdling  ferment.  ^-^ 

The  observation  of  Mathieu  i-'c  that  mucus  is  indigestible  has  an  im- 
portant bearing  on  the  study  of  these  conditions.  The  fact  noticed  by 
John  that  excessive  acidity  of  the  gastric  juice  impedes  salivary 
digestion,  and  that  acids,  organic  and  inorganic,  promote  the  secretion  of 
saliva,  is  equally  instructive.  In  tlie  case  of  a  gastro-duodenal  catarrh 
complicating  gastritis,  the  gastric  juice  exhibits  the  same  variety  in 
respect  of  the  presence  or  absence  of  appreciable  quantities  of  physio- 
logicaUy  effective  hycbochloric  acid.  The  author  has  investigated  thi-ee 
cases  of  this  kmd.  In  one  the  acid  was  altogether  wanting,  while  in 
tlie  other  two  it  occurred  in  diminished  proportion. 

3.  ChFOnic  Ulcer  of  the  Stomach. -The 'microscopical  appear- 
ances of  the  vomit  in  this  disease  are  those  detailed  under  (2)  in  the 
last  section.  Otherwise  it  exhibits  nothing  distinctive.  There  can  be 
no  doubt  that  we  have  in  the  hyper-acidity  which  ie/e^eZ's  12s  observa- 
tions have  connected  with  this  condition  in  a  large  number  of  instances, 
a  fact  of  the  highest  clinical  significance.  It  may  be  estimated  accu- 
rately by  the  method  detailed  at  p.  135,  or  by  titration.  The  proportion 
of  hydrochloric  acid  in  the  stomach  in  a  case  of  chronic  gastric  lUcer  is 
according  to  Riegei,  0.4-0.6  per  cent.,  as  against  0.1-0.2  per  cent,  in 
hea  th.i29  It  must  be  mentioned,  however,  that  the  researches  of  Ewald 
Ritter  and  Hirsch,  and  Jaworsld^^^  go  to  show  that  the  increased 
acidity  m  connection  Avith  round  ulcer  of  the  stomacli  may  undergo 
diminution  with  the  further  progi-ess  of  the  disease 
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According  to  Lenharfz  ^'^^  acid  may  Ix;  dciicicnt  iu  gastric  ulcer.  Tlie 
digestion  of  carbohydrates  is  accomplished  slowly.  There  is  still  need 
to° verify  these  assertions  by  the  application  of  trustworthy  methods, 
such  as  those  described  at  pp.  133,  136,  and  especially  with  reference  to 
the  precautions  enjoined  in  a  previous  paragraph  (p.  137).  The  conflict- 
ing statements  .quoted  here  must  be  in  part  referred  to  the  want  of 
such  accurate  observation. 

The  presence  of  blood,  and  its  character,  are  facts  of  great  significance. 

1.  When  the  hfemorrhage  is  considerable,  clots  of  blood  are  found, 
which  are  not  at  all,  or  but  slightly  changed. 

2.  More  commonly  the  etfused  blood  remains  for  a  longer  time  111 
contact  with  the  gastric  juice,  and  is  thereby  altered  in  such  a  way  that 
the  oxyhffimoglobm  is  converted  into  hsematin,  and  the  vomit  has  the 
appearance  of  coffee-grounds. 

men  exammed  under  the  microscope  in  such  a  case,  no  blood-cor- 
puscles whatever  are  to  be  seen  in  it,  but  in  their  place  larger  or  smaUer 
piaraent  masses.  The  blood  may  best  be  identified  as  such  by  Teich- 
mann's  hsemin  test  and  by  the  spectroscopic  appearances  of  h^matin. 
To  obtain  the  latter,  a  portion  of  the  vomit  should  be  treated  with 
caustic  potash,  filtered,  and  then  examined  with  the  spectroscope  for  the 
spectrum  of  hfematm  in  alkalme  solution  (fig.  39)- 

It  should  be  borne  in  mind  that  the  exhibition  of  preparations  of  iron 
wiU  impart  to  the  vomit  the  same  appearance  as  that  due  to  blood;  so 
also  wUl  the  abundant  partaking  of  red  mne  ;  and  finaUy,  the  presence 
of  bile-pioment  may  cause  it  to  assume  a  brownish-black  colour. 

Larae  quantities  of  blood  (blood-pigments)  maybe  found m  the  vomit 
in  easels  of  duodenal  ulcer  with  haemorrhage  into  the  mtestme.  _ 

4  Carcinoma  of  the  Stomach.-The  physical  and  microscopical 
chamcter  of  the  vomit  in  cases  of  cancer  of  the  stomach  are,  m  general, 
those  of  gastric  ulcer.  Sarcin^  in  large  quantities  are  a  remarkably 
freqnent  manifestation.  Tlie  blood  is  very  seldom  discharged  unaltered, 
and  it  is  usuaUy  represented  only  by  colouring-matter. 

The  chemical  constitution  of  the  gastric  juice  in  cases  of  cancel-  has 
been  made  the  subject  of  research  by  many  observers  m,.  rfer 
p    3°)>  m-el^nann  (p.  13.),  and  Kredel-^  also  by  Men., 

and  'cL  (p.  X33) ;  -d  more  especially  ^j  Bieoel  (v-  ^3  0>  «  ^ 
and  JaicoM'^'  Absence  or  diminution  m  quantity  of  hydioclilo  ic 
^  t Tpoint  of  special  interest,  and  has  been  recently  studied  by 

"TLrS^t:^analysed  the  contents  of  the  stomach  in  a  ^eat 
nunL  of  cases  of  cancer,  and  he  has  found  that  m  many  no  tra  c 
free  hydrochloric  acid  could  be  shown  by  the  colour-tests  -nplojel  ^ 
the  m         He  has  had  seventeen  cases  of  cancer  under  observation 
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during  the  last  two  years.  Eitlier  the  vomit  or  the  gastric  juice  with- 
drawn after  the  administration  of  a  test  meal — usually  of  milk  or  ham  

was  repeatedly  examined.    In  fourteen  out  of  the  seventeen  cases  the 
reaction  with  Congo-paper,  benzo-purpurin,  and  Gunzburg's  test,  Avas 
either  absent  or  very  feebly  evinced.    The  total  acidity  was  also  very 
low,  ranging  from  48-4,  and  tlie  higher  figure  was  obtained  in  only  one 
instance.    In  one  case,  where  the  gastric  juice  was  examined  an  horn- 
after  the  administration  of  half  a  litre  of  milk,  no  result  was  obtained 
by  the  method  described  on  p.  135,  while  the  same  method  applied  to 
the  gastric  juice  of  a  healthy  person  under  like  conditions  showed 
0.0301  grm.  HCl  in  100  cc.    In  three  cases  of  cancer  the  acidity  was 
remarkably  high,  viz.,  90,  100,  126,  and  all  the  tests  for  free  HCl  gave 
decided  results.     The  experiences  of  0.  Hosenhacli  and  Waetzhold'^^ 
have  been  similar  to  these.    The  absence  of  hydrochloric  acid,  however, 
is  by  no  means  so  constant  as  to  warrant  an  absolute  diagnosis  on  this 
ground  alone.    Moreover,  in  other  conditions,  such  as  amyloid  degenera- 
tion of  the  gastric  mucous  membrane,     in  stagnation  of  the  contents  of 
the  stomach,  in  diabetes,  i^s  and  in  the  febrUe  state,  even  without  demon- 
strable disease  of  the  stomach,i39  the  hydrochloric  acid  reactions  may 
also  fail. 

According  to  Wolfmm,^^o  the  gastric  juice  is  devoid  of  HCl  ui  the 
course  of  the  mfectious  fevers,  whereas  in  chronic  febrile  disorders  it  is 
of  quite  normal  character.  Taken,  however,  in  conjunction  with  the 
other  clinical  symptoms  of  cancer,  we  have  in  this  circumstance  impor- 
tant evidence  of  the  disease.  Riegd  points  out  the  important  fact  that  the 
gastric  juice  m  this  affection  has  entirely  lost  the  digestive  property 
Concerning  the  secretion  of  pejmn  in  carcinoma,  it  would  appear  that 
this,  as  well  as  the  milk-curdling  ferment,  are  secreted  to  the  end  The 
teste  for  pepsin  are  described  at  p.  126,  and  its  quantitative  estimation 
may  be  effected  by  U.  Schutz's  method. 

5   Dilatation  of  the  Stomach.-The  character  of  the  gastric 
con  ents  in  this  condition  is  subject  to  variety,  according  to  the  cause 
of  the  dilatation.    xXevei^heless,  there  are  certain  general  features  which 
elong  to  all  cases,  and  these  will  be  considered  first.    The  remnants  of 
undigested  food  are  visible  many  hours  after  a  meal.  Microscopically 
tlVV  7  rr  °f      kinds,  and  yeast-forms  are 

:stt "  -^'^  ^'^"'^"^  ""-'^  - — ~ 

When  the  primary  condition  is  pyloric  stenosis,  with  gastric  ulcer 
physiologicaUy  active  HCl  is  present  in  great  exces  .    In  o' e  case  tl 
author  found  that  the  unfiltered  gastric  juice  withdrawn  in  tl 
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before  food  had  beeu  taken  contained  0.4629  grm.  HCl  to  100  cc. ;  and 
when  the  stomach  had  been  thorougUy  washed  out,  and  milk  admini- 
stered, tlie  gastric  juice  examined  half-an-liour  afterwards  contained 
0.1374  grm. 

In  dilatation  from  cancer  of  the  pylorus  free  HCl  is  either  absent  or 
diminished  in  quantity.  This  is  true  also  of  dilatation  with  atrophy  of 
the  stomach,  but  the  rule  is  not  without  exceptions. 

6.  Parasitic  Affections  of  the  Stomach. -(a.)  in  but  one 

instance  as  yet— a  case  of  favus— have  the  cliaracteristic  appearances 
of  this  condition  been  detected  in  the  stomach  {Kundrat)}^^ 

(b.)  Extensive  patches  of  thrush  are  sometimes  formed  in  the  stomach, 
and  in  such  cases  the  vomit  contains  masses  of  the  thrush  fimgus 
(p.  85). 

7.  Croup  and  Diphtheria.— It  very  rarely  happens  that  a  croup- 
ous or  diphtheritic  condition  of  ,the  mucous  membrane  extends  from  the 
upper  part  of  the  alimentary  canal  as  far  as  the  stomach.  Wlien  it  is 
so  the  vomit  exhibits  the  appearances  described  at  p.  88. 

-  8.  Fseal  Substances  in  the  Vomit.-Formed  masses  of  fseces 

are  never  discharged  by  the  mouth,  but  in  cases  of  occlusion  or  partial 
paralysis  of  the  intestine,  its  contents  may  become  mingled  with  those 
of  the  stomach,  and  brought  up  with  the  vomit,  which  then  has  an 
intensely  feculent  odour,  a  yellowish-green  colour,  and  a  feebly  acid  or 
allcaline  reaction.  When  derived  chiefly  from  the  smaU  intestines  the 
vomited  matter  will  contain  bile  acids  and  pigment,  and  abimdance  of 
fat  These  may  be  detected  by  chemical  examination.  Microscopically 
it  shows  notliing  distmctive ;  but  on  one  occasion  the  author  found  in 
such  a  discharge  a  quantity  of  large  fungi  which  closely  resembled  the 

oomma-bacillus  (fig.  70).  .      -r,  •  t  i. 

9  Pus  -In  rare  cases  pus  occurs  in  the  vomit.  It  mdicates  sup- 
puration in  the  waUs  of  the  stomach,  or  the  rupture  into  it  of  an  abscess 
from  some  neighbouring  viscus.  . 

10  Animal  Parasites.-Amongst  the  Entozoa,  Ascaris  lumbu- 
coides  Oxyuris  vermicularis,  and  Anchylostoma  duodenale  have  been 
obtain'ed  from  the  stomach.  Other  worms,  such  as  Trichina,  are  excep- 
tional manifestations,  and  the  booklets  of  Echinococcus  and  hydatid 
cysts  are  occasionally  present.  GerkarcU^-'  has  found  dipteral  Ian;. 
Z  L  secretion,  where  they  give  rise  to  the  symptoms  of  g.istritis 
L filar  obser^^^^^^^^^  have  bJeiwnade  by  Senator^^  BiMe.ranat,^^  and 

-11  Constitution  of  the  Vomit  mPoisonmg."- 

Poisoning  Wi  AcidS.-lu  all  cases  of  poisoning  with  strong 
J;r!l  ri  .cids.  the  vomit  acquires  a  powerfully  acK  reaction. 
Tt  U^l    s  a^,lackened  ^       of  altered  blood  and  charred  ti.ssues  m 
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cases  where  the  quantity  of  the  poison  has  Ijeeu  sufficient  to  cause  tlieso 
effects.  The  appearance  presented  in  all  cases  of  poisoning  with  strong 
acids  is  the  same.  To  distinguish  one  from  tlic  otlier  in  the  contents  of 
the  stomach,  the  sense  of  smell  will  serve  in  some  instances,  as,  e.g., 
for  acetic  acid,  while  in  others  resort  must  he  had  to  the  methods  of 
analytical  chemistry.  It  is  important  in  certain  cases  to  remember  that 
the  vomit  may  contain  an  abnormal  proportion  of  organic  and  inorganic 
(hydrochloric  and  lactic)  acids,  altogether  independently  of  poisoning. 

(a.)  Detection  of  Sulphuric  Acid. — The  presence  of  sulphuric  acid  may 
be  ascertained  thus  : — The  vomit  is  mixed  with  a  large  bulk  of  distilled 
water,  and  pnt  aside  for  several  hours,  during  which  it  is  frequently 
stirred.  It  is  then  filtered,  and  the  precipitate  repeatedly  washed  with 
water  on  the  filter.  The  filtrate  is  then  collected,  and  evaporated  on  the 
water-bath  until  the  fluid  begins  to  blacken.  It  is  then  allowed  to  cool, 
mixed  with  twice  its  bulk  of  alcohol,  and,  after  standing  for  some  hours,, 
again  filtered.  The  filtrate,  diluted  with  water,  is  once  more  evaporated 
on  the  water-bath  until  the  alcohol  is  entirely  driven  off.  The  fluid 
remaining  may  then  be  tested  for  sulphuric  acid.  The  addition  of 
chloride  of  barium  solution  or  of  lead  nitrate  should  give  a  white  pre- 
cipitate, showing  the  presence  of  sulphuric  acid  or  its  salts. 

(b.)  Detection  of  Nitric  Acid. — The  vomit,  Avhicli  is  generally  stained 
somewhat  of  a  yellow  hue  from  the  formation  of  xanthoproteic  acid, 
is  mixed  with  water,  boiled,  and  filtered.  The  reaction  of  the  filtrate  is 
tested,  and  if  foimd  to  be  acid,  it  is  neutralised  with  caustic  potash,  and 
evaporated  to  a  small  buUv.  When  allowed  to  cool,  it  should  deposit 
crystals  of  nitrate  of  potash,  which  Avill  give  the  following  reactions  : — 

1.  To  a  solution  of  the  crystals  concentrated  sulphuric  acid  is  added, 
and  when  the  mixture  is  quite  cool,  a  little  sulphate  of  iron  solution  is 
poured  upon  its  surface.  At  the  point  of  contact  of  the  two  fluids,  a 
deep  brown  zone  shows  the  presence  of  nitric  acid.  The  test  is  appli- 
cable only  rclifre  the  brown  coloration  is  not  obtained  icith  sulphuric 
acid  alone. 

2.  A  solution  of  brucin  in  sulphuric  acid  is  placed  in  a  test-tube, 
and  a  little  of  the  fluid  supposed  to  contain  nitric  acid  is  poured  on  its 
surface.  At  the  point  of  contact  of  the  two,  a  red  coloration  takes 
place  if  nitric  acid  is  present. 

The  modes  of  testing  for  hydrochloric  acid  have  already  lieen  given 
(p.  129). 

(c.)  Oxalic  Acid.— The  contents  of  the  stomach  are  partially  evapo- 
rated and  extracted  with  alcohol,  the  alcohol  evaporated,  and  the  residue, 
dissolved  in  water,  is  treated  with  acetic  acid  and  solution  of  chloride  of 
calcium.  A  precipitate  of  oxalate  of  calcium  forms,  and  the  cliaracter- 
istic  crystals  may  be  distinguishetl  liy  the  microscope. 
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2.  Poisoning-  with  AlkalieS.-^Thc  vomit  in  sucli  cases  is  a  viscid, 
;4listcning,  and  strongly  alkaline  fluid.  Wliere  a  concentrated  solution 
"of  a  caustic  alkaH  lias  been  taken,  the  ejected  tissues  are  charred  and 
brown,  as  in  the  case  of  acids.  The  determination  chemically  of  tlie 
character  of  the  poison  is  often  attended  with  great  difficulty,  and  in 
(jther  instances,  agam,  it  is  very  easy. 

AVlrere  ammonia  has  been  taken,  the  vomit,  if  examined  immediately 
after  the  poisoning,  will  emit  the  characteristic  odour  of  that  body,  and 
further  evidence  of  its  presence  may  be  obtained  by  holding  over  the 
fluid  a  glass  rod  moistened  with  hydrochloric  acid,  when  fumes  of  sal- 
ammoniac  will  be  given  off.  The  detection  of  caustic  potash  and  of 
caustic  soda,  on  the  other  hand,  involves  much  difficulty  on  account  of 
the  readmess  with  which  they  are  converted  mto  their  carbonates. 

The  process  for  the  detection  of  chlorate  of  potash  in  the  vomit  de- 
mands a  special  notice.  E.  Ludwuj's^^'  method  is  as  foUows :— The 
vomit,  if  not  aheady  acid,  is  rendered  slightly  so  by  the  addition  of 
acetic  acid,  heated  and  maintained  for  one  minute  at  the  boiling-point, 
filtered,  the  filtrate  evaporated  to  a  small  bulk  on  the  water-bath,  and 
allowed  to  settle  undisturbed.  The  salt  then  separates  m  the  form  of 
crystals,  which  are  dried  between  folds  of  blotting-paper  and  tested  m 
the  foUoAving  manner  : — 

1.  They  are  treated  with  dilute  hydrochloric  acid  and  warmed ;  the 
fluid  assumes  a  greenish-yellow  colour,  and  chlorine  gas  is  evolved.  The 
reaction  may  be  obtained  at  ordinary  temperatures  by  the  addition  of 
strontr  hydrochloric  acid. 

2.  The  crystals  are  dissolved  in  water,  or,  where  none  have  been 
deposited,  the  liquid  is  evaporated  and  a  solution  of  indigo  and  dilute 
sulphuric  acid  is  added.  If  chlorate  of  potash  be  present,  on  the  fiu-ther 
addition  of  a  watery  solution  of  sulphurous  acid  or  hyposulphite  of  soda, 
the  fluid  changes  from  blue  to  yellow,  or  altogether  loses  its  colour. 

3.  Poisoning  with  Metals  and  Metalloids.-(a.)  Poisoning  with 
Salts  of  Lead.— After  the  lapse  of  a  few  hours,  a  quantity  of  grey  or 
blackish-grey  substance  is  vomited.  For  the  detection  in  this  of  com- 
pounds of  lead,  it  should  be  partiaUy  evaporated  on  the  water-bath,  and 
orc'anic  matter  decomposed  by  treatment  with  reagents. 

For  this  purpose  E.  Ludioig^'^  recommends  the  process  oi  Fresemus 
and  Babo  —The  vomit  is  placed  in  a  large  porcelain  dish,  mixed  with 
Ibout  its  own  weight  of  a  20  per  cent,  solution  of  hydrochloric  acid,  and 
,  to  K  grms.  of  chlorate  of  potash  added,  Avhen  the  vessel  is  covered 
and  allowed  to  stand  for  about  twelve  hours.  The  mixture  is  then 
heated  to  60=  in  the  water-bath.  When  the  evolution  of  gas  has  ceased, 
more  chlorate  of  potash  is  added  to  the  brown  mass,  and  this  process 
is  continued  until  the  fluid  ceases  to  form  a  brown  colour.  Should 
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the  fluid  become  unduly  concentrated,  it  should  be  furtlier  diluted  with 
water.  If  in  this  way  the  organic  material  is  not  entirely  decomposed, 
hydrochloric  acid  must  be  again  added,  and  the  requisite  quantity  of 
chlorate  of  potash  supplied  as  before.  The  mixture  is  then  evaporated 
on  the  water-bath  imtil  tlie  odour  of  chlorine  is  no  longer  perceived, 
when  it  is  dilated  with  twice  its  bulk  of  water,  passed  tlirough  a  filter 
which  has  been  moistened  with  water,  washed  with  a  large  quantity  of 
water,  and  the  washings  finally  collected  and  added  to  the  filtrate.  To 
the  fluid  so  obtained  sulphuretted  hydrogen  is  added  to  saturation.  The 
resulting  dark  precipitate  is  then  filtered  ofl',  washed  with  sulphuretted 
hydrogen  water,  dried,  and  dissolved  in  nitric  acid  in  the  followin<T 
manner  : — It  is  placed  in  a  porcelain  dish,  and  pure  (chlorine  free) 
nitric  acid  is  added  in  drops  until  the  whole  has  the  consistence  of  a 
thin  fluid,  when  it  is  evaporated  to  dryness  on  the  water-bath,  and  the 
residue  dissolved  in  boiling  water  and  filtered.  A  Avhite  insoluble 
residue  of  sulphate  of  lead  may  remain.  This  may  be  reduced  to 
nietaUic  lead  by  the  addition  of  soda  and  combustion  on  charcoal  in 
the  reducing  zone  of  a  blow-pipe  flame. 

The  addition  of  sidphuric  acid  will  cause  the  formation  of  a  wldie 
precipitate  of  sulphate  of  lead,  and  chromate  of  potash  will  give  a 
yelloiu  precipitate  if  lead  be  present. 

The  quantitative  estimation  may  be  effected  in  the  same  way. 
Salts  of  lead  in  the  vomit  may  be  detected  by  another  very  simple 
process :— A  strip  of  magnesium,  free  from  lead,  is  placed  in  the  fluid, 
when  metaUic  lead  will  be  deposited  upon  it,  and  can  then  be  dissolved 
in  nitric  acid,  and  subsequently  proceeded  with  as  above. 

{b.)  Poisoning  with  Salts  of  Mercury.— Poisoning  with  compounds 
of  mercury  is  very  often  attended  with  vomiting.  The  vomit  in  such 
cases  diS'ers  greatly  according  to  the  strength  of  the  poison,  men 
large  quantities  of  corrosive  subHmate  have  been  taken,  paiji  is  expe- 
rienced in  the  region  of  the  stomach,  and  shreds  of  tissue  stained  brown 
Avith  hsematin  are  apt  to  be  discharged  in  tlie  vomit. 

The  salts  of  mercury  maybe  detected  in  the  vomit  in  the  same  manner 
as  the  compounds  of  lead.  Sidphide  of  mercury  is  formed  in  the  pro- 
cess, and  from  this  the  metal  is  obtained  thus  :-To  the  precipitate 
carbonate  of  soda  and  cyanide  of  potassium  are  added,  the  mixture  dried 
placed  in  a  test-tube  and  heated,  when  the  metal  is  sublimed  in  the 
upper  part  of  the  tube. 

The  presence  of  mercury  in  the  vomit  may  be  shoM-n  directly  as 
foUows  :-Granulated  xinc  {E.  Ludv.uj)  or  brass  wire  {Farhrinr,erY^^ 
IS  placed  HI  the  substances  to  be  examined,  which  have  been  previously 
acidulated  with  hydrochloric  acid;  the  mixture  heated  for  an  hour  in 
the  water-bath,  and  exhausted  first  with  water  and  then  with  alcohol 
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and  fintilly  washed  with  sether  and  allowed  to  dry  in  the  air.  Tlie  l)rass 
wire  is  then  placed  in  a  test-tnbe  and  heated,  when  the  metal  is  de- 
posited on  the  sides  of  the  tnbe.  If  now,  wliih'  the  test-tube  and  its 
contents  are  still  hot,  a  small  piece  of  iodine  be  introduced,  the  vapour 
of  iodine  given  off  will  change  metallic  mercury  into  mercuric  iodide 
with  the  development  of  a  beautiful  red  colour  (Schneider) In  a 
similar  manner,  mercury  obtained  by  other  methods  may  he  converted 
into  mercuric  iodide.  If,  at  the  same  time,  the  vomited  matter  contains 
an  abundance  of  organic  substances,  it  will  be  necessary  to  remove  the 
latter  by  Fresenius  and  Babds  method  before  introducing  the  gramUated 
zinc  or  brass-foil. 

It  should  be  mentioned  that  in  the  distillation  of  the  suspected  vomit, 
metallic  mercury  may  pass  over  with  the  watery  vapour  [Lecco  i^s),  and 
it  may  also  form  from  the  reduction  of  corrosive  sublimate  in  the  process 
of  distillation. 

(c.)  Poisoning  with  Salts  of  Copper.— When  sulphate  of  copper  has 
been  taken,  it  imparts  a  greenish-blue  tint  to  the  vomit.    In  poisoning 
with  the  copper  salts  of  acetic  acid  (verdigris,  the  commonest  form),  the 
green  colour  may  be  present,  or  there  may  be  nothing  distinctive  m 
the  appearance  of  the  gastric  contents.    The  recognition  of  the  poison 
may  be  effected  by  the  process  described  under  (a.)  Poisoning  ivith  Lead 
Salts.    The  sulphide  of  copper  so  obtained  is  dissolved  in  nitric  acid, 
when  the  presence  of  the  metal  wiU  be  shown  by  the  blue  colom-  of  the 
solution,  which  becomes  deeper  on  the  addition  of  ammonia.    If  the 
latter  reagent  causes  a  precipitate  to  fall,  the  fluid  is  filtered  and  the 
filtrate  acidulated  with  hydrocliloric  acid.    A  portion  of  the  filtrate  is 
treated  with  yellow  prussiate  of  potash,  when  a  reddish-brown  precipi- 
tate forms.    In  another  portion  a  piece  of  iron-foil  is  placed,  and  after 
a  little  whHe  the  metaUic  copper  present  is  deposited  on  its  surface  as  a 
red  coating. 

It  must  not  be  forgotten  that  traces  of  copper  occur  in'every  organ. 

(d  )  Arsenic  Poisoning.— The  administration  of  large  doses  of  arseni- 
ous  acid  Fowler's  solution,  or  of  certain  mineral  waters  aljoundmg  in 
arsenic  (such  as  those  of  Roncegno  and  Levico),  is  followed  after  a 
short  interval  by  the  vomiting  of  a  copious  fluid  deeply  stamed  with 
bile  Where  arsenious  acid  (white  arsenic)  is  the  poison  in  question 
a  careful  naked-eye  and  microscopical  examination  of  the.  vomit  will 
often  afford  accurate  information  as  to  its  nature.  In  such  a  case,  larger 
or  smaller  particles  of  this  substance  are  usually  to  be  seen.  AMren 
these  white  particles  are  removed  with  forceps,  freed  from  other  impu- 
rities by  repeated  cleansing,  washed  with  cold  water,  and  dissolved  in 
Ttest-tube  containing  a  small  quantity  of  boiling  water  and  then 
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allowed  to  coo],  crystals  of  arsenious  acid  separate  and  may  be  recog- 
nised microscopically  as  small  octahedral  forms.  "When  the  crystals 
are  heated  with  soda  on  a  piece  of  carbon  in  the  reducing  zone  of  the 
blow-pipe  flame,  the  characteristic  odour  of  garlic  is  evolved,  and  if  a 
specimen  be  heated  witli  carbon  in  a  test-tube,  a  metallic  deposit  forms 
in  the  upper  cool  part  of  the  tube. 

A  more  accurate  method  is  to  remove  organic  substances  with  chlo- 
rate of  potash  and  hydrochloric  acid,  then  to  heat  the  remaining  fluid 
for  a  long  time  at  60°  with  sulphuretted  hydrogen.    A  yelloM'  preci- 
pitate of  sulphide  of  arsenic  forms.    This  is  dissolved  in  sulphide  of 
anmionium,  filtered,  the  filtrate  evaporated  to  dryness,  allowed  to  cool, 
some  drops  of  concentrated  nitric  acid  added,  heated  with  more  nitric 
acid  until  the  evolution  of  gas  has  ceased  and  reddish-brown  fumes  are 
no  longer  given  off".    The  fluid  is  then  concentrated  to  a  small  bulk  in 
the  water-bath,  diluted  Avith  a  little  water,  and  treated  Avith  sodium  car- 
bonate until  its  reaction  is  distinctly  alkaline.    It  is  then  evaporated  to 
dryness  on  the  water-bath  ;  the  dried  residue  is  fused  with  a  quantity  of 
carbonate  and  nitrate  of  sodium,  allowed  to  cool,  several  times  exhausted 
Avith  Avater,  and  filtered.    The  filtrate  is  repeatedly  treated  with  small 
quantities  of  dilute  sulphuric  acid  untir  eff"erA^escence  has  ceased,  Avheu 
more  sulphuric  acid  is  added,  and  the  fluid  evaporated  first  on  the 
Avater-bath  and  afterAvards  over  a  flame  until  white  fumes  are  given  off". 
The  residue  is  then  allowed  to  cool  and  is  dissolved  in  cold  water.  Zinc 
and  sulphuric  acid,  both  free  from  arsenic,  are  placed  in  an  apparatus 
for  generating  hydrogen,       The  hydrogen  set  free  is  purified  and  dried 
by  being  passed  tlu'ough  a  tube  which  is  fitted  to  the  apparatus,  and 
contains  solid  caustic  potash  and  granular  chloride  of  calcium.    To  the 
first  tube  is  adapted,  by  an  air-tight  connection,  another  tube  con- 
stricted in  two  or  three  places  and  terminating  in  a  point.    When  all 
the  air  has  been  driven  out,  the  hydrogen  escaping  from  the  point  of 
the  terminal  tube  is  ignited,  and  then  the  fluid  to  be  tested  is  poiu-ed 
into  the  apparatus.     The  tube  is  next  heated  in  front  of  the  place 
Avhere  its  calibre  begins  to  diminish,  and  if  arseniuretted  hydrogen  is 
mixed  Avith  the  hydrogen  gas  evolved,  metallic  arsenic  is  deposited  in 
the  constricted  portion. 

A  further  test  is  as  foUows  :— The  flame  is  extinguished  and  the  gas 
conducted  into  a  solution  of  nitrate  of  silver.  A  blackish-grey  precipi- 
tate of  metaUic  silver  separates,  and  the  filtrate,  on  the  care'fui  addition 
of  ammonia,  wUl  give  a  further  yellow  deposit  of  arsenite  of  silver. 

(e.)  Phosphorus  Poisoning.— Poisoning  Avith  phosphorus  is  always 
attended  with  persistent  and  severe  vomiting,  Avhich  may  last  for 
whole  days.  The  discharged  sul^stances  are  free  from  lilood,  shreds 
of  tissue,  and  the  other  signs  of  a  formidalile  organic  lesion.  When 
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solid  pliospliorus  in  largo  (iiuuitity  has  l)c;en  tiikcm,  the  gu.sti'ic,  contents 
emit  the  chiavacteristic  odoiu"  of  phosphorus  and  are  luiuinous  in  the 
dark.  It  should  be  noted,  however,  that  these  properties  are  lost  in 
presence  of  alcohol,  oil  of  turpentine,  and  chloroform. 

For  the  detection  of  phosphorus,  the  vomit  is  distilled  with  sulphuric 
acid  ill  the  dark,  and  the  retort  connected  Avith  a  glass  condenser 
(AUtscherlich).  The  presence  of  the  poison  is  shown  by  the  appearance 
of  luminous  rings  where  the  phosphorus  fumes  come  in  contact  with  the 
cold  water. 

Scherer  has  also  devised  an  admirable  method  for  this  purpose.  The 
vomit  is  enclosed  in  a  flask  provided  with  an  air-tight  stopper,  and  two 
test-papers- — one  saturated  with  nitrate  of  silver  and  the  other  with 
acetate  of  lead — are  placed  in  it.  If  phosphorus  be  present,  the  first  of 
these  will  be  l^lackened,  whilst  the  other  remains  unclianged.^^* 

4.  Poisoning-  with  Alkaloids.*— (a.)  Morphia  Poisoning.— The 
earlier  stages  of  poisoning  Avith  morphia  are  generally  attended  with 
vomiting,  and  in  all  cases  -where  it  has  been  taken  by  the  mouth,  the 
iilkaloid  can  be  detected  in  the  ejected  contents  of  the  stomach.  AW^'"'" 
has  shown  that,  even  when  it  has  been  injected  subcutaneously,  the 
drug  wiU  be  found  in  the  stomach  about  an  hour  afterwards.    In  such 
a  case,  therefore,  the  stomach  should  be  washed  out,  and  the  washings 
tested  for  morphia.    The  Stas-Otto  method     for  its  separation  may  be 
employed.    In  this,  the  vomit  is  placed  in  a  flask,  and  digested  with 
alcohol  and  tartaric  acid  on  the  water-bath,  allowed  to  cool,  and  filtered ; 
the  alcoholic  extract  is  heated  on  the  water-bath  at  a  moderate  temperature 
(60°)  until  the  spirit  is  entirely  driven  off,  Avhen  the  remaining  watery 
solution  is  filtered.    The  new  filtrate  is  evaporated  to  a  syrupy  consis- 
tence on  the  water-bath,  and  the  residue  extracted  with  alcohol.  In 
doing  this,  the  latter  should  be  cautiously  added,  little  by  little,  until 
a  flocculeiit  precipitate  forms,  and  then  in  greater  quantities  until  no 
further  turbidity  occurs.    The  alcoholic  solution  is  then  filtered,  and  the 
filtrate  evaporated  on  the  water-bath  and  dissolved  in  a  little  water. 
The  still  acid  Ajatery  solution  is  next  shaken  up  with  £e.ther,  in  order 
to  eliminate  other  alkaloids  and  resinous  substances,  after  which  it  is 
rendered  alkaline  with  caustic  potash,  and  again  shaken  up  with  tetlier. 
Any  nicotin  and  atropin  present  (see  below)  are  dissolved  in  this  way. 
The  residue  is  treated  Avith  sal-ammoniac  and  repeatedly  extracted  with 
warm  amylic  alcohol,  Avhich  takes  up  morphia.    The  amylic  alcohol 
extract  is  next  collected,  filtered,  and  evaporated  to  dryness  on  the  water- 

*  In  this  connection  we  slmll  consider  only  such  alkaloids  as  are  most  frequently 
the  subject  of  investigation  by  the  physician.  For  more  detailed  information  on  the 
entire  subject,  the  text-books  of  F.  C.  Schneider,  J.  Otto,  Kobert,  and  E.  Ludmg  may 
be  consulted. 
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batli.  The  residue  is  dissolved  in  acidulated  water,  which  is  repeatedly 
added  for  the  purpose.  It  is  then  filtered,  extracted  M'itli  amylic  alcohol, 
neutralised  with  ammonia,  and  again  extracted  with  warm  amylic  alcohol' 
wliich  is  driven  off  by  e^•aporation.  Finally,  tlie  residue  may  be  tested 
thus  : — 

1.  To  one  portion  a  freslily  prepared  solution  of  molybdate  of  soda 
and  concentrated  sidphuric  acid  (i  c(i.  sulphuric  acid  and  5-10  grms.  of 
molybdate  of  soda— Frdhde'ii  reagent)  is  added.  If  morphia  be  present, 
the  Huid  turns  first  violet,  and,  changing  through  blue  and  green,  becomes 
finally  a  pale  red. 

2.  Another  portion  is  dissolved  in  ^vater  acidulated  with  hydi-ochloric 
acid,  evaporated  on  the  water-bath  to  dryness,  and  treated  Avith  a  fe^v 
drops  of  a  very  dilute  solution  of  percliloride  of  iron,  wliich  should  be 
Sree  from  hydrochloric  acid.  A  blue  colour  shows  the  presence  of 
morphia. 

thp  !  t?"^f '°  1 °^  P^'-''^l°"^^«  °f  i™-^  be  best  prepared  by  dissolving 
the  sublimated  s:  It  m  water  {Ludjvig).^=7  = 

(i.)  Poisoning  with  Nicotln. -Vomiting  frequently  occm^s  in  this 
condition  and  the  poison  may  be  separated  from  the  gastric  contents  by 
the  Stas-Otlo  method.  The  allcaloid  is  exti-acted  with  sther  from  the 
alkaline  solution  of  the  evaporation  residue  (vide  supra),  and  when  the 
^ther  IS  cbiven  off  at  a  low  temperature  (30"  C.)  on  the  water-bath, 
nicotin  remains  as  a  brown  or  yeUow  mass.  If  this  be  dissolved  in 
aether  aird  an  a^thereal  solution  of  iodine  added,  an  oily  substance  forms, 
from  which  ruby-red  needles  (Roussin's  crystah)  slowly  separate. 

(c  )  Poisoning  with  Atropin.-In  atropin-poisoning  with  the  pure 

voS'  ""^'^      administered  subcutaiJisly, 

vom.tmg  rarely  occurs;  but  it  is  a  frequent  event  in  poisonir.g  with  tl  e 

dZri:       n        [  ^^^^^^  ---tances:  the  con! 

ditr  n  IS  xisuaUy  rendered  evident  by  the  discovery  of  the  ber  ies  in  the 
jected  substances,  together  with  the  clinical  symptoms  (mydrias^Vc 
If  there  should  be  any  doubt  as  to  the  chaLer  of   1  e   ox"  atn  ' 
recourse  may  be  had  to  the  Stas-Otto  method,  when  the  alkaloid  M^b: 

iccognised  by  the  following  tests.    The  aether  being  driven  off  — 

acid  l^sC:«  •  Z^^X  "  ' 

or  rabbit).    After     1    W  of  T     ?  ^^^^^""^^'^''^      ^  -"-1  (^at 

sphmcter  fibres  of         rensLs TkI  tl^      'f "  '''' 

and  the  pui)ils  are  wide  v  dilntorl  • 
0.0X  mgrm.  of  atropin  suffices  to  produce  this  efllct  ' 

ituc  acid,  and  the  solufon  evaporated  on  tlie  water-batli :  a  colourless 
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substance  remains,  and  this,  when  allowed  to  cuol,  and  subsequently 
treated  with  alcoholic  solution  of  caustic  potash,  turns  first  violet,  and 
iifterwards  a  cherry-red  colour. 

(d.)  Poisoning  with  Ptomaines  and  Toxalbumins.^"^— The  ingestion 
of  putrid  flesh  is  occasionally  attended  with  severe  symptoms  of  poison- 
ing, and  there  can  be  no  doubt  that  in  many  cases  of  so-called  acute 
gastritis,  where  the  use  of  certain  articles  of  diet— such  as  liver,  kid- 
neys, and  oysters— has  been  followed  by  nausea,  vomiting,  and  profuse 
diarrhoea  and  a  retarded  pulse,  the  true  cause  is  to  be  found  in  the  toxic 
effects  of  ptomaines  and  toxalbumins.    To  the  same  category  may  be 
referred  the  conditions  known  as   amnionisemia  (retention-toxicosis, 
V.  Jalcsch,^''^  see  Urine),  and  the  cerebral  symptoms  (coma  carcinoma- 
tosum,  V.  Jaksch  i™),  which  sometimes  develop  in  the  course  of  cancer.i«i 
The  poisonous  substances  are  probably  diamines  and  toxalbumins,  which 
are  known  to  be  formed  in  these  processes.    Further  research  is  needed 
for  the  elucidation  of  this  subject,  and  in  questionable  cases  the  vomit 
should  be  tested  for  ptomaines.    In  doing  this,  the  observer  should  be 
guarded  in  his  conclusions,  since  peptone  (which  is  normally  a  con- 
stituent of  the  gastric  contents)  is  known  to  yield  toxic  substances  of  an 
alkaloid  nature. 

In  view  of  the  great  importance  which  the  study  of  these  bodies  has 
acquired  of  late  years,  and  also  because  it  enters  into  the  pathology  of 
other  secretions  besides  that  now  under  consideration,  the  subject  is 
dealt  with  here  at  some  length.  The  references,  which  are  omitted,  will 
be  found  in  Brieger  and  the  other  authorities  quoted. 

The  Stas-Otto  method  may  be  employed  for  the  separation  of 
ptomaines  from  the  vomit.  Such  of  these  bodies,  however,  as  have 
yet  been  distinguished  exhibit  a  very  remarkable  variety  in  respect  of 
theii-  chemical  character.  Some  may  be  derived  by  extraction  with 
jBther  from  an  acid,  others  from  an  alkaline  medium,  whilst  a  third  class 
is  distinguished  by  the  fact  that  its  members  are  soluble  only  ni  amy  ic 
alcohol  chloroform,  or  benzol.  Others  again  are  insoluble  m  amylic 
alcohol'  It  will  be  seen  from  this  that  the  application  of  the  Stas-Otto 
process  must  be  supplemented  by  extracting  the  derived  substances  mth 
various  media,  and  even  then  it  will  sometimes  happen  that  the  effort 

is  attended  with  failure.  m  •  •  i  •  a,. 

For  such  cases  Briege7-'s  method  may  be  employed.  This  is  briefly 
as  follows  —If  the  material  to  be  examined  contains  solid  substances, 
Ihese  are  first  reduced  to  small  particles;  sufficient  hydrochlonc  acid  is 
then  added  to  render  the  whole  feebly  acid,  and  the  mixture  boiled  for 
a  few  minutes  and  filtered.  The  filtrate  is  evaporated,  at  first  over  a 
Lme,  and  subsequently  on  the  water-bath,  until  it  has  attained  a  syijo^ 
consi  tence.    It  may  be  noted,  however,  that  m  view  of  the  mstabihty 
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of  the  bodies  souglit,  it  is  advisable  to  evaporate  in  vacmim,  and  at  the 
lowest  possible  temperature  {v.  Jalscli) — a  precaution  which,  as  Briefer '"^'■^ 
suggests,  should  also  be  takeii  where  foul-smelling  substances  are  the 
subject  of  manipulation.  The  thick  lluid  is  mixed  with  96  per  cent,  of 
alcohol  (filtered),  and  the  filtrate  treated  with  warm  alcoholic  sohition 
of  acetate  of  lead.    The  lead  precipitate  wliich  forms  is  now  filtered  off 

and  the  filtrate  concentrated — here  again  preferably  in  vacuum  to  the 

same  consistence  as  before,  Avhen  it  is  again  taken  up  in  96  per  cent,  of 
alcohol.  The  alcohol  is  driven  off  by  evaporation,  and  the  residue,  dis- 
solved in  water,  is  freed  from  lead  by  the  addition  of  sulpluu'etted 
hycbogen  and  filtering.  The  filtrate  is  acidulated  with'  a  little  dHute 
hydrochloric  acid,  and  concentrated  (in  vacnum)  to  the  consistence  of 
syrup.  It  is  then  diluted  with  alcohol,  and  alcoholic  solution  of  mer- 
curic chloride  added.  The  resulting  precipitate  is  boiled  in  water,  and 
certain  ptomaines  may  separate  at  this  stage  in  consequence  of  the 
different  solubilities  of  the  double  salts  of  mercury.  The  better  to 
secure  this,  the  precipitate  may  be  treated  successively  with  water  at 
various  temperatures.  Should  it  be  thought  that  the  lead  precipitate 
may  have  retained  some  of  the  ptomaines,  it  may  be  suspended  in  water, 
the  lead  converted  into  its  sulphide,  and  the  fluid  treated  in  the  manner 
just  described. 

The  solution  obtained  as  above  is  filtered,  and  the  filtrate,  abeady 
freed  from  alcohol  and  mercury,  is  evaporated,  the  hydrocliloric  acid 
all  but  completely  neutrahsedr  with  sodium  carbonate,  and  the  residue 
agam  extracted  with  alcohol,  after  which  it  is  dissolved  in  water 
neutralised  with  soda,  again  acidulated  with  nitric  acid,  and  precipitated 
with  phosphomolybdic  acid.  Tlie  double  phosphomolybdate  is  filtered 
off  and  decomposed  by  neutral  acetate  of  lead— an  object  attained  more 
readily  by  the  appHcation  of  heat  on  the  water-bath.  The  lead  is  then 
removed  by  means  of  sulphuretted  hydrogen,  and  the  fluid  concentrated 
and  treated  with  alcohol.  Several  ptomaines  are  thus  separated  as 
hydrochlorates,  and  may  be  obtained  in  the  form  of  double  salts  of  ^old 
or  platmic  chloride  and  of  picric  acid.  From  these  the  hydrochlorates 
are  again  derived  by  precipitation  with  sulphuretted  hydrogen;  and  in 
he  case  of  the  picric  acid  compounds,  extracting  with  water?  acidulating 

Z  ^ 
The  next  step  is  to  ascertain  if  any  ptomaines  remain  in  the  phos- 
phomolybdic acid  filtrate  after  the  precipitation  of  phosphomolybdic 

oe  modified  in  many  instances. 

For  the  detection  of  the  basic  compounds  which  occur  in  the  secre- 
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tioiis  as  diamines,  tlie  best  metliod  is  that  of  Baumann  and  v.  Udranslnj, 
ill  which  these  bodies  are  converted  into  their  benzoic  compounds  l)y  the 
action  of  benzoyl  chloride  and  caustic  potash.  By  this  means  tliese 
observers  discovered  cadaverin  (pentamethylendiamine)  in  the  urine, 
and  established  the  identity  of  Brieger'^  putrescin  with  tetramethyl- 
endiaraino  I''-*  (see  chapter  on  the  Urine). 

Ptomaines  (animal  alkaloids)  yield  the  characteristic  reactions  of 
alkaloids;  but  otherwise  they  are  not  known  to  possess  any. distinctive 
chemical  or  physiological  properties. i^^^ 

The  characteristic  reactions  which  are  common  to  all  the  alkaloids  are  the 
following  (Otto,  E.  Ludwig)}^"   With—  _ 

I.  Iodine  and  iodide  of  potassium  solution,  a  brown  flocculent  precipitate  ■  most 
readily  obtained  from  the  solution  of  the  alkaloid  which  has  been  acidulated  with 

'''TMlr<^r!c'and  potassiu.^  iodide,  a  white  or  yellow  precipitate,  insoluble  in 

water  and  dilute  acid.  .    ,    .         ,  „„;^„ 

3.  The  iodMe  of  bismuth  and  potash,  an  orange  precipitate  in  a  solution  acidu- 

lated  with  dilute  sulphuric  acid.  .  .,  ,    .  1 

t^ospkomolyhdSacid,  a  bright  or  brownish  yellow  precipitate,  insoluble  in 

water  and  dilute  mineral  acids.  ,  .     „       ,  „;„;+afo  with 

5.  Metatunrjstic  and  pUsphotuncjstic  acids,  a  white  ^-^"If  P'^^^^,^ 
difficulty  soluble  in  water  and  dilute  acid.    (This,  according  to  K  .ud^.^,,  affords 

'  T^^^iS^^^  -id  solutions,  a  yellow  or  white  precipitate. 

7  SaZ;  lloride,  a  whitish'yellow  or  citron  precipitate,  which  is  sometimes, 
readily  soluble  in  water,  and  but  slightly  so  in  al«oh°l-  . 

8.  Chloride  of  gold,  a  yellow  or  whitish-yellow  precipitate,  which  may  be  amor 

phous  or  crystalline. 

The  animal  alkaloids  abeady  distinguished  as  occurring  in  the  human 
system  are  sufficiently  numerous.     They  have  been  detected  m  the 
fLes,  the  urine,  and  the  milk,  and  they  mil  find  appropriate  notice 
under  the  separate  heacUngs  in  this  work.    They  are  known  by  hen- 
effects  both  in  health  and  disease,  and,  in  many  instances,  have  been 
eparated  as  defmite  bodies  from  the  secretions.    Such  proc  ru.ts  resid 
from  the  decomposition  of  articles  of  food.    Thus  W-^^  obU-^ 
one  of  these  bodies  (tyrotoxin)  from  rotten  cheese  and  bad 
supposes  that  the  substance  in  question  is  ,\,^zoh,mo\     Elu  enhe^g 
foL  a  simnar  body  in  putrid  sausages.    Special  mention  should  be 
nade  also  of  ptomato-atropm,  a  basic  compound,  which  has  been 
Tovered  n  the  latter  food.    In  all  cases  where  the  clinica  symptoms  aa-e 
Zrof  noisoniiic.  and  include  severe  vomiting,  the  methods  described 
Tove  elucidate  the  matter  ;  but  it  should  not  be  forgotten. 

tZl2l,  that  the  presence  of  peptone  may  be  a  source  of  ambigm^S 
Ze  it  m^y  yield  similar  poisons.  If  the  vomit  or  secretion  is  to  be 
t  s  d  or  toxlllmmins,  Brieger  and  Reel's  process-  may  be  used. 
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5.  Poisoning  with  Ethylic  Alcohol.— In  acute  poisoning  with 

alcohol  (ethylic  alcohol),  the  vomit  emits  the  characteristic  odour  of  tliat 
substance.  For  its  more  accurate  recognition,  the  gastric  contents  are 
first  diluted  witli  water,  and,  if  very  acid,  carefully  neutralised  with 
caustic  potash,  and  then  distilled  by  steam. 

The  distillate  may  then  be  submitted  to  the  following  tests  :— 

1.  To  a  portion  a  few  drops  of  benzoyl  chloride  and  a  little  caustic 
potash  are  added.  Wlien  the  mixture  is  heated  and  again  allowed  to 
cool,  the  presence  of  alcohol  is  shown  liy  the  characteristic  odour  <^f 
benzoylethylic  aether  {Bertlielot)."'^ 

2.  With  a  small  portion  an  equal  volume  of  concentrated  sulphuric 
acid  is  cautiously  mixed,  a  little  powdered  sodium  acetate  added  and 
the  mixture  heated.  The  characteristic  odour  of  acetic  jBther  shows  the 
presence  of  alcohol  {Otto,  E.  Ludivigy'^ 

6.  Poisoning-  with  Chloroform.— Chloroform  may  be  detected 
either  directly  in  the  vomit  or  in  the  fluid  obtained  from  its  distillation 
In  either  case,  the  following  reactions  will  disclose  its  presence  :— 

1.  A  little  thymol  dissolved  in  caustic  potash  is  added  to  the  fluid  to 
be  tested,  and  the  latter  is  then  heated.  If  chloroform  be  present  the 
preparation  assumes  a  dark  violet  tint  (  Vitali^'^^),  and  if  /?-naphthol  be 
used  instead  of  thymol,  a  blue  colour  results  {Lustrjarten) 

2.  A  few  drops  of  alcoholic  solution  of  caustic  potash  and  a  little 
amhne  are  heated  with  the  distiUate  of  the  gastric  contents.  If  diloro- 
form  be  present,  isocyaiiphenyl  is  formed,  and  may  readily  be  recognised 
liy  its  unpleasant  odour  {Hofmann). 

Li  a  case  of  poisoning  with  chloroform,  where  the  drug  was  taken  bv 
the  mouth,  the  author  was  unable  to  find  any  trace  of  it  in  the    i  b 

:er:er"^^ -^^^^-^^^  ^^^^  ^-^^  — s 


7.  Poisoning  with  Carbolic  Acid.-When  a  poisonous  dose  of 
rbohc  acid  has  been  administered  by  the  mouth,   he  vomit  us  lally 
emrts  the  characteristic  odour  of  that  substance.     The  7ese  c  If 
carbolic  acid  m  the  ejected  substances  maybe  ascerfiined  di,   ll  i 
the  foUowing  tests :—  ^      asceitained  directly  by 

1.  Bromine  water  yields  with  a  fluid  containing  carbolic  acid  a  vellnw 
crystalline  precipitate  of  tribromophenol.  ^  ^'"^ 

2.  A  solution  of  perchloride  of  iron  coIoipn  rlnvl-    •  w  • 

of  carbolic  acid.  '  '^'^'^^  ^  '""^"^  Pi'^sence 

In  testing  for  these  reactions,  it  is  well  previously  to  filter  the  vomit 
If  necessary  washing  it  upon  the  filter  with  water  If  L  .  r  ' 
are  not  obtained  in  this  way,  the  filtrate  is  d  stm  d  wL  T 
PW  acid,  and  both  tests  are  again  applied  to  the  d^^^^^^^^^^^ 

It  is  to  be  borne  m  mnid  that  carbolic  acid  may  form  in  considerable 
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quantity  in  tlie  intestine  in  certain  morbid  states,  and  may  then,  as  in 
intestinal  obstruction,  find  its  way  into  the  vomit.    (See  chapter  on  the 

8   Poisoning  with  Nitro-Benzol  and  Aniline.  -  («•)  Nitro- 
Benzol—The  presence  of  nitro-benzol  in  the  vomit  may  be  detected 
frequently  by  the  characteristic  odour,  which  resembles  that  of  the  oil 
of  bitter  almonds.    To  separate  this  substance  from  the  gastric  contents 
the  latter  is  distilled  with  a  little  sirlphuric  acid.    The  distillate  wiU 
contain  oily  drops,  which  are  soluble  in  ^ther.    Anihne  may  be  derived 
from  nitro-benzol  by  the  addition  of  granular  zinc  and  dilute  hydro- 
chloric acid.    When  reduction  is  effected  in  this  way,  the  fluid  is  ren- 
dered alkaline  with  caustic  potash,  and  the  aniline  formed  is  extracted 
with  ^ther.   The  oily  residue  after  the  expulsion  of  the  *ther  wdl  yield 

the  following  reactions : —  ,  ,    .      •  i  i 

I   If  the  aniline  solution  be  treated  with  hydrochloric  acid,  and  a 
shaving  of  pine-wood  be  placed  m  it,  the  latter  assumes  a  deep  yeUow 

'°^r' A  drop  of  the  oil  is  suspended  in  water,  and  a  few  di'6ps  of  dilute 
solution  of  cMorideof  lime  or  of  a  very  dilute  solution  of  sulphide^  of 
ammonium  added  :  the  fluid  assvunes  a  rosy-red  colour  (Jacqueimn) 
T  A  very  sensitive  test  is  that  of  E.  Ludmg:^^^-A  watery  solution 
of  aniline  colours  a  dark  blue  on  the  addition  of  a  Avatery  solution  o 
carbolic  acid  and  hypochlorite  of  soda;  and  this  colour  changes  to  red 
on  the  further  addition  of  hydrochloric  acid. 

4  The  isocyanphenyl  test  serves  well  for  the  detection  of  aniline 
foiLd  in  the  decomposition  of  nitro-benzol.    It  was  introduced  by 
AmcMger  nr  as  a  test  for  acetanUide  (antif ebrm).    To  the  fluid  unAe 
exam  n  tion  a  few  dr.ps  of  caustic  potash  and  chloroform  are  added 
"rthen  shaken  up  and  heated,  and  when  again  aUowed  to  cool,  should 
emit  the  disagreeable  odour  of  isocyanphenyl. 

^  O^..J..-Poisoning  with  aniline  also  is  often  atWed  ^ 
vomi  in..  The  vomit  is  diluted  with  water,  and  distilled  with  a  lit  e 
IXw  acid.  The  distiUate  is  extracted  with  ^ther,  and  when  the 
tter  hrbeen  driven  off  by  evaporation  an  oily  substance  remains, 
to  . 11  the  above  tests  (I  to  4)  for  mtro-benzol  may  be  applied. 

9  toSoning  with  PruSSiC  Acid.-This  condition  may  usmaUy  be 
reco' Jsecl  by  th!  characteristic  odour  of  oil  of  bitter  almonds.  For  the 
recognisecl  Dy  treated  with  a  smaU  quantity  of 

prussiate  of  potash. 
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The  best  test  is  to  add  solution  of  ferric  chloride  and  sulphate  of  iron 
to  a  little  of  the  filtered  fluid.    With  this  last  reagent  yellow  ferro 
cyanide  of  potassium  gives  a  white  precipitate,  which  soon  changes  to 
a  bright  blue,  while  with  the  perchloride  of  iron  it  forms  a  Prussian- 
blue  precipitate.    Eed  ferricyanide  of  potassium  gives  a  dark  blue  preci- 
pitate with  sulphate  of  iron,  and  a  deep  brown  coloration  with  the 
perchloride.    Should  both  the  above-mentioned  substances  be  present, 
the  following  process  may  be  applied :  i7s_The  fluid  is  acidulated  with 
sulphuric  acid,  and  treated  with  an  excess  of  carbonate  of  lime.  The 
correspondijig  hme-salts  take  the  place  of  ferro-  or  ferri-cyanide  of 
potassium,  and  only  so  much  hydi-ocyanic  acid  as  is  not  combined  in 
the  double  salts  of  cyanogen  passes  over  with  the  distillate.    The  latter 
is  then  tested  for  hydrocyanic  acid  in  the  folloAving  manner  :— 

1.  To  a  few  cc.  rendered  alkaline  with  caustic  potash,  a  few  di-ops  of 
a  freshly-prepared  solution  of  cupric  siUphate  are  added;  the  mixture  is 
heated,  maintained  for  the  space  of  one  minute  at  boiling-point  {Ludiuig) 
and  allowed  to  cool.  It  is  then  rendered  strongly  acid  with  hydrochloric 
acid.  A  blue  coloration  of  the  fluid  results,  and  when  aUowed  to  stand 
for  some  time,  a  flocculent  Prussian-blue  precipitate  settles  in  it 

2.  To  a  few  drops  of  the  distillate  a  yellow  (holdmg  poly-sulphide  of 
ammonium)  solution  of  sulphide  of  ammonium  is  added,  and  the  mix- 
ture boiled  untn  the  yellow  colour  entirely  disappears.    It  is  then 
aUowed  to  cool  and  perchloride  of  iron  and  hydrochloric  acid  added 
n  hydrocyanic  acid  be  present,  the  preparation  assumes  a  red  colour 
(sulphocyamde  of  iron).    E.  Ludwig^^.  ^^^^^^^  ^his  test  in  a  different 
manner  :-The  fluid  is  treated  with  yeUow  solution  of  sulphide  of  ammo- 
nium in  excess  a  few  drops  of  caustic  potash  added,  and  the  mixture 
evaporated  to  dryness     The  residue  is  exhausted  with  water,  treated 
with  hydrocliloric  acid,  and  filtered.    The  filtrate  is  then  tes  ed  with 
solution  of  perchloride  of  iron,  when  a  blood-red  colour  should  develop 

3.  Another  very  admirable  test  has  lately  been  suggested  by  Vort 
T;      .  '''''''  '  '^'^  ^^-P«  «f  -tSte  of  potashi 

andl'n:^     rw'^^"  "^^^^  P-^^^-ide  of  iro^ 

and  finaUy  dilute  sulphuric  acid,  until  the  yellowish-brown  colour  o^ 

he  basic  erne  salt  formed  in  the  beginning  of  the  reaction  has  Wed 
into  a  light  yellow.  The  solution  is  then  heated  to  boiling,  allowTcf  to 
cool,  treated  with  ammonia  and  filtered,  and  to  the  filtr  t  a  sm^l 
qiuntity  of  a  colourless  solution  of  sulphide  of  ammonium  is  add" 
The  presence  of  a  mmute  quantity  of  hydrocyanic  acid  will  be  how n 
by  a  bluish-gi-een,  of  large  quantities  by  a  beautiful  violetid  colo  u- 
Vortmann  has  named  this  the  " nitro-prusside  test." 

The  vomit  induced  by  a  number  of  nt^ha,.  ^  ■ 


CHAPTER  VI. 

THE  F^CBS. 

Under  the  term  feces  ^  are  comprised  aU  those  substances  wHch 
being  formed  from  the  food  in  the  process  of  digestion   and  mixed 
^vith  the  residues  of  the  secretions  of  tlie  alimentary  canal,  are  finally 
expeUed  from  the  body  by  the  rectum. 

I    NAKED-EYE  CHARACTERS  OF  THE  F^CES.-The  char- 
acter of  the  f^ces  varies  considerably  in  health,  depending  chiefly  as  it 
does  on  the  nature  of  the  food  ingested.    The  labours  of  No^magel, 
tZZ,  have  obtained  for  us  a  Wedge  of  some  VO^^J^^^^ 
more  or  less  characteristic  of  healthy  stools.    Such  a  stool  is  moulded 
and  of   a  certain  consistency.     Its  reaction  is  sometimes  alkalme, 
sometimes  acid.     It  is  alkaline  in  certain  niorbid  ^t^^cs  ^s  e^-. 
typhoid  3  but  in  others,  as  the  acute  enteritis  of  children  (and  in  the 
author's  experience,  of  adults  as  weU),  the  reaction  is  acid.  The 
s  caUed  "c  ayey"  stools  of  dyspepsia  in  children,  however,  are  nearly 
Zys  strongly  alkal-e,-a  fact  which  is  due  to  the  presence  in  them 
J^carWe  of  ammonia.    Notknagel  concludes  that  there  is  little  to 
be  learned  from  the  reaction  of  the  f*ces. 

The  colour,  too,  is  very  inconstant.  It  depends  upon  the  ^d  taken, 
and  is  greatly  modified  by  drugs  supplied  to  the  system.  When,  .g., 
bUberries  are  eaten  freely,  the  f^ces  are  coloured  black.  So,  oo 
^hey  r^^^  by  preparations  of  iron,  manganese  or  bismuth 

he  coloin-  in  these  cases  bemg  due  to  the  formation  of   he  sulphid 
!f  tl  0  e  metals.    After  a  meal  of  cocoa-nibs  or  chocolate,  the  stoo  s  ai. 
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two  varieties  of  the  green  stool  of  children.  The  colour  in  the  first  is 
due  to  biliverdin,  but  in  the  second  it  is  caused  by  a  definite  bacillus 
which  produces  a  green  colour-substance.  This  bacillus  can  be  culti- 
vated outside,  the  body,  and  inoculated  upon  animals.  Its  presence  in 
great  abundance  in  the  fteces  is  associated  witli  a 
severe  form  of  cholera  infantum.  Santonin,  rhubarl), 
and  senna  will  stain  the  faeces  yellow. 

The  presence  of  unaltered  bile  pigment  in -the 
fseces  is  always  pathological  {Pettenkofer).^  Healthy 
excrement  contains  a  pigment  Avhich  has  been 
named  stercobilin  {Vanlair,  Masius%  and  which 
Maly  asserts  to  be  hydrobilirubin  (urobilin).  This 
latter  body  can  be  prepared  artificially  from  bile 
pigment,  and  it  is  probable,  a  priori,  that  a  simi- 
lar change  is  efi'ected  in  the  process  of  intestinal 
digestion,  when  we  would  expect  to  find  urobilin 
in  the  fseces.  For  a  further  description  of  this 
body  and  the  tests  by  which  it  may  be  recognised, 
see  the  chapter  on  Urine. 

The  quantity  of  faeces  passed  by  a  healthy  man 
in  twenty-four  hours  averages  120-200  grms.  The 
remams  of  undigested  food  are  often  to  be  found 
ill  the  excrement,  as  berries,  fragments  of  potatoes 
and  apples,  and  shreds  of  fibrous  tissue.  Virchow 
relates  a  case  in  which  orange-skins  voided  vntli 
the  faeces  were  taken  for  a  parasite,  and  Eiclihorst^ 
one  in  which  great  coils  of  hard,  woody  asparagus 
Avere  passed  unaltered  by  digestion. 

Amongst  the  occasional  constituents  of  the  fajces 
visible  to  the  naked  eye,  must  be  mentioned  the 
cylindrical  shreds  of  mucous  membrane,  of  larger 
or  smaller  size,  which  are  passed  in  the  affection 
knomi  as  tubular  intestinal  catarrh  (Colica  mucosa 
Enteritis  membranacea  or  tubulosa),  {Nothnagel)  9 
The  cases  in  which  such  mucous  formations  are 
found  are  not  very  rare.  Their  discharge  is  attended 
with  violent  tenesmus,  and  unaccompanied  by  the  passage  of  f^ces.  They 
are  nbbon-hke  or  reticular  in  form,  and  consist  chemicdly  of  mucin  and 
had' the  They  are  often  of  great  length.    In  one  instance  th  y 

had  the  appearance  of  coded  brownish-yeUow  strings,  0.5  em  thick  with 
here  and  there  shreds  of  transparent  membrane.^  The  mlri^  Lnde 
looklaTr^  -fiy  compressible  beneath  the  cover-glass  ^d  "^ei 
looked  at  through  the  microscope,  exhibited  a  profusion  of  transformed 


Flu.  65. — Mucous  Cylin- 
der from  the  Fajces. 
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intestinal  epithelium  involved  amongst  long,  spivally-wound,  and  twisted 
threads  These  bore  some  resemblance  to  the  Curschmann-Leyden 
spirals  (p.  98),  but  had  no  central  thread,  nor  did  they  exhibit  crystals. 

The  specimen  represented  in  fig.  65  ^vas  derived  from  a  child  of  two  years^^ 
It  consisted  of  mucin  and  fibrin  concentrically  arranged,  and  enclosed  bubbles 
of  gas. 

In  all  probability  the  presence  of  these  bodies  implies  chronic  catarrh 
of  the  large  iirtestine,  usually  associated  with  obstipation  and  copious 

secretion  of  mucus.^^  .  , 

1  patient,  suffering  apparently  from  cholohthiasis,  whilst  ^lnder  the 
author's  observation,  passed  with  the  faeces  a  shred  of  tissue  5  cm.  long 
and  3  cm.  broad,  which  proved  to  be  intestinal  mucous  membrane,  i^o 
cause  could  be  assigned  for  its  detachment. 

Virchoro  and  Nothnagel    describe  the  occurrence  of  bodies  resemblmg 
fro.-spawn  or  cooked  sago-grams  in  the  stools,  and  some  observers 
hi  supposed  that  they  were  derived  from  xdcerating  intestinal  fo  - 
des.    4c/...  thinks  they  come  from  an  excess  of  farmaceous  food. 
Notnnaoel  has  also  met  with  particles  about  the  size  of  a  poppr^^^^^^^ 
which  chemically  had  the  constitution  of  mucus.    It  must,  however 
e  mentioned  that  this  author  has  never  found  ~^  ^^^l.^^^ 
as  a  constituent  of  healthy  excrement.    Kitagawa^^  found  that  these 
bodl  in  ly  cases  consist  of  vegetable  debris,  but  that  others,  which 
arrLinguisLl  by  being  more  viscous  and  of  softer  consistency  than 

the  rest,  are  formed  of  mucus.  „    ,  t  •         f^^^.  nf 

Foreign  bodies  of  aU  kiirds  are  occasionally  to  be  seen  m  the  f^ces  of 

lunatics  and  children.  .  .    ^.      •    i-i,^  oi;i-,.pntarv 

FinaUy,  tumours  or  parts  of  tumours  origmatmg  m  the  aluuentary 
caM  aS  stones  or  concretions  formed  in  the  gall-bladder  or  intestine, 
may  be  passed  with  the  stools.  ^^^^^^ 
"^'SIZ  b  t^^^  —ion  with  the  naked  eye. 

biliary  concretions. 

the  microscopical  a,,,—  °        If  tl.e  s tools  avc  fluid,  a  drop 

pressed  ''f r;  ^:-.ed.  Mud,,  of  cou^-sc,  depends 
:irrlr  of  t  food,  fono™..  desCptio,,  appHes  . 

the  faeces  of  an  Mt  living  chiefly  upon  an.mal  d.et. 
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1.  Constituents  Depived  from  the  Food. 

(a.)  Vegetable  Cells. — These  are  of  very  variable  form,  and  occur 
seimrately  or  in  organic  connection  with  one  anotlier.  They  sometimes 
exhibit  starch  granules  or  remnants  of  chlorophyll  (fig.  66,  e-i,  I). 

(b.)  Muscle  Fibres  are  almost  invariably  found  in  the  fasces.  Their 
quantity  depends  upon  the  suj^j^ly  of  flesh-meat.  They  are  relatively 
fewer  after  a  mixed  diet  {Nothnagel)^^  They  are  usually  much  altered, 
stained  yellow  by  the  bile,  and  swollen ;  but  with  a  high  power  of  the 
microscope,  their  transverse  striation  can  usually  be  made  out. 

(<;.)  Elastic  Fibres  are  readily  to  be  distinguished  by  their  double 
contour  and  curved  form.  They  are  always  derived  from  the  food,  and 
occur  both  in  health  and  disease. 


{d.)  Connective  Tissue  is  found  occasionally  in  the  excrement  of 
persons  who  eat  much  animal  food,  and  is  then  of  no  pathological  con- 
sequence. But  If  areolar  fibres  occur  plentifully  where  flesh  is  sparinc^ly 
eaten,  they  afford  an  indication  of  digestive  disturbance. 

(e.)  Fat—Fatty  globules  are  occasionally  seen,  but  fat  occurs  more 
commonly  in  needles,  arranged  separately  or  in  clusters  {Ncthnacjel) 
Such  needles  are  found  iu  greater  quantity  when  much  fat  has  been 
taken  with  the  food.    The  stools  in  alcoholic  poisoning  are  always  rich 
in  fat,  so  also  with  the  fatty  diarrhoea  of  children  (see  p.  203) 

(y.)  Starch  Granules.-These  particles  may  be  easily  detected  by 
their  reaction  with  a  solution  of  iodine  and  iodide  of  potassium.  Thev 
are  comnionly  to  be  found,  but  sparingly  and  of  small  size,  in  healthy 
stools.    They  are  also  found  in  tlie  interior  of  vegetable  cells.  Noth^ 
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nagel  asserts  that  an  excess  of  such  substances  in  tlic  excrement  points 
to  a  derangement  6f  the  intestine. 

{g.)  Coagulated  Proteids.— Undigested  milk  occurs  in  the  stools, 
especially;  in  children  and  in  persons  suffering  from  diarrhoea.  Noth- 
nagel  has  described  a  substance  resembling  coagulated  albumin  which 
is  occasionally  to  be  seen  in  cases  of  intestinal  trouble.    It  occurs  in 
round  ,  yellow  particles,  varying  fronr  the  size  of  a  bean  to  that  of  a 
millet-seed.    Their  substance  is  readily  soluble  in  a  5  per  cent,  solution 
of  HCl,  is  precipitated  from  alcoholic  solution  by  acetic  acid,  and  redis- 
solves  in  excess  of  the  acid,  from  which  it  may  be  again  precipitated 
by  ferrocyanide  of  potassium.    They  resemble  the  mucous  particles  of 
Notlmagel,  to  which  reference  has  already  been  made.     That  author 
thinks  that  the  substance  in  question  is  casein.i^ 

The  discharges  of  infants  at  the  breast  are  of  a  very  different  character 
from  those  of  adults.    Here  muscle-fibres,  areolar,  and  elastic  tissue  are 
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i-ated  Intestinal  Epitl.elinm  (eye-piece  II.,  oljjective  Sa,  licklurl). 


-absent,  coagulated  proteids^  taking  their  place.     MicroscopicaUy  they 
abound  in  fat  and  crystals  of  the  fatty  acid  salts. 

2  Formed  Elements  Derived  from  the  Intestinal  Tract. 

1  Red  Blood-Cells.— Ked  blood-corpuscles  are  rarely  to  be  found  m 
the  feces.    Notlmagel  has  examined  the  freshly-voided  excrement  of 
typhoid,-  when  it  was  deeply  stained  with  blood,  but  could  find  none  ot 
these  cells.    In  such  hemorrhagic  stools,  however,  are  seen  larger  or 
smaUer  masses  of  reddish-brown  pigment  (heematoidin),  and  the  rhombic 
crystals  of  ha>matoidin  are  also  occasionally  present.    In  cases  where 
the  blood  is  derived  from  the  upper  part  of  the  alimentary  canal  or  has 
remained  for  a  long  time  in  the  intestine,  the  feces  are  no  longer  red 
Te  blood,  but  are"  stained  a  dark  brown  or  black.    We  have  already 
seen  that  a  similar  effect  may  be  produced  by  certain  drugs  (see  p.  164  , 
and  consequently  it  is  not  possible  to  infer  a  hemorrhage  from  tins 
earnc!  alone;  neither  will  red  blood-cells  be  visible  under  the 
S    ope.    In    uch  cases  the  presence  of  blood  may  be  determined 
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■with  absolute  certainty  by  tlie  application  of  Teichmann's  test  td  a  dried 
i:)article  of  the  fajces  (see  p.  61). 

2.  Leucocytes. — In  healthy  stools  leucocytes  are  rarely  to  be  met 
■with.  Tliey  are  always  loaded  -with  fatty  particles.  As  a  pathological 
condition,  the  appearance  of  leucocytes  in  great  quantity  in  the  excre- 
ment is  far  from  common.  Nothnagel  found  absolutely  no  increase 
in  the  number  of  iliese  bodies  in  simple  intestinal  catarrii.  When  a 
considerable  increase  does  occur,  it  affords  a  presumption  of  ulceration 
of  the  gut. 

Pure  pus  is  found  -w^hen  an  abscess  has  discharged  into  the  intestine 
and  in  dysentery.    (See  p.  208.) 

3.  Epithelium. — Epithelium  is  always  found  in  the  faeces  in  health. 
Squamous  epitheliimi  comes  from  the  region  of  the  anus.  Columnar 
epithelium  is  more  i-arely  met  with  (fig.  t)6,  c).  The  latter  is  usually 
uncoloured,  but  occasionally  stained  yellow.  The  cells  occur  either 
separately  or  in  masses.  Tlieir  boimdaries,  as  a  rule,  are  not  easily  to 
be  recognised,  but  well-formed  goblet-cells  are  sometimes  seen  {Noth- 
nagel). Sometimes,  too,  they  contain  fat,  and  are  then  very  large. 
Altered  epithelial  cells  are  often  found  in  the  faces.  In  their  typical 
manifestation  they  constitute  what  Js^othnagel  has  termed  "fusiform 
degeneration."  They  are,  for  the  most  part,  small,  non-nucleated, 
homogeneous,  and  somewhat  glossy  bodies,  tending  towards  the  spindle 
shape  (fig.  66),  but  exhibiting  every  variety  of  form  laetween  this  and 
the  ordinary  epithelial  structure.  Notlinagd's  opinion  is  that  these 
bodies  are  epithelial  cells  altered  by  abstraction  of  fluid,  and  he  remarks 
that  he  has  foimd  them  most  typicaUy  shown  in  the  mucous  coating  of 
scybalous  masses.  The  mere  presence  of  epithelium  in  the  stools  Is  a 
fact  of  no  clinical  consequence.  When  in  disproportionate  quantity,  it 
points  to  intestinal  catarrh. 

4.  Detritus.— Tliere  are  certain  indeterminate  sulwtances  always  to 
be  found  in  the  faeces,  which  are  usuaUy  either  derived  from  tlie  food 
or  belong  to  the  waste  products  of  digestion.  They  occur  separately  or 
in  masses,  and  are  little  affected  by  reagents,  although  sometimes  they 
are  soluble  m  alcohol.    Their  constitution  is  very  various. 

3.  Parasites.— There  is  no  part  of  the  body  so  apt  to  be  infested 
by  parasites  as  the  intestine.  Such  parasites  belong  both  to  the  animal 
and  the  vegetable  kingdom,  and  it  is  not  unreasonable  to  conclude  from 
the  vast  numbers  in  which  some  of  them  arc  always  to  be  found,  that 
they  exercise  an  important  function  in  the  final  processes  of  digestion 
This  may  be  said  especially  of  certain  vegetable  forms,  and  among  them 
the  fission-fungi,  presently  to  be  mentioned,  hold  a  prominent  place  ^' 
Researches  by  MacFadyean^^  point  to  a  physiological  distinction  l,e- 
tween  the  bacteria  inhabiting  the  small  and  tliose  of  the  large  intestine 
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The  former  are  stated  to  act  only,  or  almost  only,  on  carbo-hydrates, 
producing  ethylic  alcohol,  which  is  constantly  present  in  the  small  intes- 
tine ;  wliile  the  bacteria  of  the  large  intestine  aid  in  the  disintegration 
of  proteids.] 

A.  Vegetable  Parasites.— It  will  be  useful  to  divide  these  para- 
sites, as  before,  into  two  classes,— the  pathogenic  and  the  non-patho- 
genic ;  but  iji  doing  this,  it  must  be  premised  that  some  of  the  organisms 
classed  as  non-pathogenic  may  also  at  times  be  closely  associated  with 
morbid  states.  As  an  instance  may  be  mentioned,  the  Bacterium  cob 
commune,  which  under  certain  circumstances  acquires  noxious  properties 
( Wyss  19).  The  non-pathogenic  parasites  will  first  engage  our  attention, 
and  we  shall  adopt  the  usual  classification  into  moulds,  yeasts,  and 
fission-fungi. 

1.  Non-Pathog-enic. 

1.  Moulds.— The  only  specimen  of  this  class  which  has  yet  been  tound 
in  the  intestine  is  the  thrush-fungus.  It  occurs  in  children  suffering 
from  thrush,  and  its  presence  in  the  stools  is  clinically  of  no  significance. 

2  Yeasts.— Yeast-cells  (Saccharomycetes)  •  are  the  commonest  form 
of  parasite  in  the  mtestmal  discharges,  whether  of  health  or  disease 
(Nothnar/d),  (fig.  66,  between  h  and  c).    Uffehnann^o  asserts  that  yellow 
yeast-fungi  are  often  also  to  be  seen  m  the  fresh  stools  of  mfants  at  the 
breast     Micro-organisms  of  this  kind  are  most  abundant  m  the  acid 
stools  of  chUdren.   They  are  round  or  oval ;  lie  together  in  groups  of  three 
or  four ;  and  commonly  exhibit  their  characteristic  sproutmg  arrange- 
ment   Well-formed  yeast-fungi,  however,  such  as  are  seen  in  fermentmg 
saccharine  solutions,  are  very  rarely  to  be  met  with.    Nothnagel  saw 
such  once  in  a  case  of  typhoid  in  a  child.    In  the  bile-stamed  and  acid 
discharges  of  acute  catarrh  of  the  smaU  intestine  in  adults  the  author 
has  not  infrequently  found  fungi  which  closely  resembled  the  form 
described  by  Eees'^^  as  the  Saccharomyces  elUpsoideus,  except  that  they 
were  somewhat  smaller  (p.  145).  . 

The  yeast-fungi  of  faeces  stain  a  mahogany-brown  with  the  lodo- 
potassic-iocUde  solution.  This  property  depends  upon  the  fact  that  they 
hold  glvcogen  in  their  substance. 

There  are  other  forms  to  be  met  with  morphologically  resembhrig 
yeast-cells,  but  distinguished  from  them  by  giving  a  blue  colour  .nth 
the  iodo-potassic-iodide  solution  mentioned  above  (see  p.  .71).  _ 

3  Fission-rungi.-These  organisms  exist  in  swarms  in  the  intestine, 
and  they  are  to  be  found  in  greater  profusion  in  the  faeces  than  m  any 
otiie  of  the  excretions  (Notknaoel,  Briefer,  UffeMann,  EschencU,  B.en. 
n  StaUl,  KnM,  Miller,  Suclcsdorp-) ;  indeed,  it  is  not  incorrect 
av  ttxa    h  y  alwlys  constitute  the  bulk  of  these  discharges.  Bacilh 
^11—^^  varied  kinds  are  the  commonest  forms. 


and 
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Tliey  occur  separately  or  in  colonies,  and  often  exhibit  lively  movements. 
It  may  be  said,  as  a  rule,  that  micrococci  predoniinate  iii  the  solid,  and 
bacilli  in  the  fluid  motions.  The  former  are  sometimes  found  in  shapes 
resembling .  torulse  and  sarcinse.  The  organism  which  occurs  most  com- 
monly and  in  greatest  abundance  is  the  ]:5acteriuni  termo  (Bacterium  coli 
commune),  and  there  can  be  little  doubt  that  this  body  is  intimately 
associated  with  putrefactive  processes  in  the  intestine ;  although  it  must 
be  stated  at  the  same  time  that  Ave  are  ignorant  of  its  functions  in 
health,  where  also  it  exists  abundantly,  and  that  the  host  of  other 
micro-organisms  which  make  their  appearance  Avhen  putrefaction  is 
going  on  throws  a  great  deal  of  doubt  over  this  question. 

Bacillus  subtilis  is  found  in  the  discharges  both  of  health  and  disease. 
It  was  first  discovered  by  Nothnagel,  and  may  be  seen  as  long  threads 
with  spores  attached,  or  as  separate  spore-bearing  rods,  and  elsewhere 
the  spores  alone  occur  in  clusters.  Its  relatively  thick  edges  and  the 
remarkably  glossy  appearance  of  the  spores  facilitate  its  detection.  Its 
])reseuce  has  no  clinical  significance. 

The  various  micro-organisms  above  alluded  to  stain  brown  or  brownish- 
yeUow  in  solution  of  iodine  and  iodide  of  potassium  or  of  ammonium 
iodo -iodide ;  and  this  property  belongs  especially  to  the  groups  of  micro- 
cocci, which  are  colom-ed  very  deeply  a  brownish-yellow  by  contact  with 
this  reagent. 

In  addition  to  such  forms,  the  faeces  exhibit  other  micro-organisms, 
which  stain  l^lue  or  violet  in  the  iodo-potassic-iodide  solution.  Nothnagel 
has  described  many  of  these,  and  one  especially  which  he  holds  to  be 
identical  with  the  Clostridium  butyricum  of  Prazmoiosld:^^ 

The  author  has  investigated  this  subject  with  great  care,  and  he  is  in 
a  position  to  confirm  Nothnagel's  statements  in  every  particular,  and 
would  venture  to  add  somethmg  to  his  description  of  the  fungi  which 
stain  blue  with  the  iodo-potassic-iodide  solution. 

To  begin  with  the  minutest  forms.  There  is  a  micrococcus  which 
occurs  in  swarms  of  uniformly  and  finely  granular  zoogloeaform  bodies, 
Avhich  colour  a  reddish-violet  with  the  solution. 

Next  in  order  is  a  micro-organism  in  the  form  of  short  delicate  and 
somewhat  pointed  rods,  which  recall  the  bacillus  of  septiccemia  in  the 
mouse,  and  which  stain  in  a  similar  manner  with  the  reagent  mentioned. 
These  rods  occasionally  contain  one  or  two  spherical  granules,  which  do 
not  stain  in  the  solution. 

There  are  other  rods,  of  varying  length,  which  resemble  the  Leptothrix 
buccahs  in  the  manner  of  their  reaction  with  the  iodine  fluid;  and  a 
further  variety,  whicli  differs  from  the  Bacillus  subtilis  only  in  that  the 
fungus  threads  stain  blue,  while  the  Ijodies  referred  to  above  as  the 
spores  remain  uncoloured  (fig.  68). 
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The  author  has  often  had  an  opportunity  of  observing  the  Clostridium 
butyricuni  of  Notlmagel.  It  takes  the  form  of  large  round  cells,  usually 
visible  in  uncoloured  preparations  by  reason  of  their  somewhat  lustrous 
appearance,  and  in  other  respects  resembling  yeast-fungi.  In  some 
cases  they  adhered  to  one  another  like  a  string  of  beads,  and  in  others 
were  simply  disposed  in  groups  (fig.  69).  These  bodies,  as  Lidheim 
and  others  have  observed,  stain  with  the  Ziehl-Neelsen  fluid  in  the  same 


Fio.  68.-Bacilli  from  the  Pieces,  ttaining  Blue  with  the  lodo-Potassic-Iodide  Solution 
(eye-piece  III.,  objective  8a,  Meichei-t). 

manner  as  tubercle  bacilli,  but  they  are  not  likely  to  be  mistaken  for 
these,  since  they  are  sufficiently  distinguished  by  their  size,  shape,  and 
peculiarity  of  arrangement. 

A  micro-organism  of  oblong  and  somewhat  pointed  form  also  occurs 
in  the  ffeces,  and  cultivations  of  this  have  been  made  by  H.  Fischer. 

It  must  be  mentioned  that  although  these  bodies  all  stain  some  shade 


F,.  60  -Nothnagel's  Clostridia  and  Stunted  Bacilli  from  the  Faeces  stnining  Blue  with  the 
69-    ''i"'^„.^pot.ssic-Iodide  Solution  (eye-piece  III.,  objective  8a,  Me.cUert). 

of  blue  with  the  solution  of  iodine  and  iodide  of  potassium,  the  tints 
which  they  derive  from  that  reagent  exhibit  notable  differences ;  for 
whilst  on  the  one  hand,  the  micrococci  are  but  shghtly  coloured,  and 
of  a  I'.urple  tint  which  tends  towards  red,  the  rod-like  micro-organisms 
stain  very  deeply,  and  of  a  dark-blue  colour.  The  stain  is  m  aU  cases 
transitory',  fa^ng  in  from  twenty-four  to  forty-eight  hours,  and  disap- 
pearing  altogether  within  a  few  days. 
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,  Tliose  fungi  Avhose  characteristic  it  is  to  stain  blue  in  iodo-potassic- 
ioclide  solution  occur  probably  in  all  stools,  but  in  relatively  small 
numbers  in  those  of  health.  They  are  in  profusion  only  in  certain 
morbid  states,  and  especially  in  intestinal  catarrh.  They  do  not  seem 
to  bear  any  relation  to  the  reaction  of  the  discharges,  having  been  fomid 
alike  when  this  was  alkaline  and  when  it  was  acid.  To  conclude,  they 
are  constantly  present  in  health  and  in  disease,  and  in  the  discharges 
of  infants  at  the  Ijreast,  as  well  as  of  older  children  nourished  on  a 
meat-diet. 

Hence  it  follows  that  no  definite  clinical  significance  attaches  to  any 
of  the  parasitic  forms  hitherto  described.  It  is  a  matter  of  observation 
that  in  certain  pathological  conditions  of  intestinal  derangement  one 
form  or  the  other  is  apt  to  preponderate,  but  we  have  no  evidence  that 
they  are  in  any  case  the  cause  of  disease,  or  that  the  multiplication  of 
a  particular  micro-organism  is  not  rather  the  consequence  of  the  dis- 
turbance which  it  is  found  to  accompany. 

The  intestine  is  apt  to  be  infested  with  microbes  of  a  pathogenic 
character,  which  in  form  closely  resemble  those  innocuous  parasites 
which  have  just  been  described.  Much  light  has  been  thrown  upon 
their  nature  by  the  researches  of  recent  years,  and  for  their  detection 
we  have  to  make  i;se  of  a  number  of  special  methods.  But  these  alone 
will  not  suffice.  Without  an  accurate  knowledge  of  the  commoner,  at 
least,  of  the  non-pathogenic  organisms  which  normally  inhabit  the 
intestine,  the  discrimination  of  the  others  is  impossible.  It  is  for  this 
reason  that  we  have  dwelt  at  some  length— though  still  in  a  far  from 
exhaustive  manner— on  the  description  of  the  innocuous  micro-organisms 
which  are  most  frequently  to  be  found  in  the  fseces. 

2.  Pathog-enic  Fung-i.- We  pass  now  to  a  consideration  of  the 
pathogenic  parasites,  the  bacilli  of  cholera,  typhoid,  and  tubercle. 

1.  Cholera -Bacillus  {Oumma-Bacillus). —To  Robert  Kocli,^^  the 
pioneer  of  the  modern  science  of  bacteriology,  belongs  the  honour  of 
having  first  discovered  the  micro-organism  which  causes  that  most 
terrible  of  the  epidemic  diseases  of  our  time— cholera. 

We  shall  not  attempt  to  give  an  account  of  all  that  has  been  written 
upon  this  subject,  but  shaU  content  ourselves  with  making  here  and 
there  a  reference  to  the  leading  authorities  for  the  information  of  the 
reader;  and  we  shaU  avoid  the  discussion  of  controverted  points  of 
which  we  have  no  personal  Icnowledge.  Nevertheless,  there  can  he  no 
doubt  whatever  of  the  fad  that  a  definite  and  morphologically  distinctwe 
parasite  occurs  in  the  discharges  of  cholera  patients;  and  it  is  a  task  at 
once  difficult  and  of  the  utmost  importance  to  define  the  form  of  this 
organism,  and  to  devise  methods  for  its  recognition 

Koch  descril^ed  the  cholera-bacillus  as  a  sliort  rod-like  form,  curved 
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or  semicircular,  and  somewhat  thicker  than  the  baciUus  of  tubercle. 
Such  bodies  often  lie  two  together,  with  the  concavity  of  their  curves 
turned  in  opposite  directions  and  their  extremities  in  contact,  so  as  to 
from  an  S-shaped  figure.     Neulmuss^''  describes  flagella  upon  them. 
Zq^er26has  demonstrated  their  existence  by  the  method  described  in 
Cliap.  X.    They  produce  by  division  peculiar  screw-like  spirals,  which 
remind  one  of  the  spirillum  of  relapsing  fever,  only  that  these  are 
thicker  (fig.  24).    Kocli  did  not  find  any  separate  spores  belonging  to 
these  organisms,  but  it  would  seem  that  Hueppe^'  has  succeeded  m 
doin-  so.    Such  bacilli  were  discovered  by  Koch  in  the  mtestuie  and 
discharges,  rarely  in  the  vomit,  of  Asiatic  cholera,  and  never  m  the 
blood,  saUva,  tears,  urine,  or  breath  of  patients  suffering  from  this 
disease.    The  discharges,  according  to  this  authority,  sometimes  contain 
almost  unmixed  colonies  of  bacilli.    Koch's  statements  have  been  borne 


Fig  70  -Koch's  Comma-Bacillus  (pure  cultivation  ;  eye-piece  III.,  objective  Zei^s 
'        Homogeneous  immersion  ;  Ahbe's  mirror  and  open  condenser). 

out  by  the  subsequent  investigations  of  Babes,  Vandyke- Carter,  Nicati, 
Rietsch,  van  Ermengen,  and  others.^s  ^ 

It  follows  from  what  has  been  said  of  the  enormous  profusion  in 
which  micro-organisms  of  various  kinds  infest  the  intestine  that  the 
cholera-bacillus,  when  not  very  plentiful,  may  easily  escape  detection ; 
and  therefore  i  wHl  not  suffice  to  submit  discharges  which  are  supposed 
o  contain  it  to  a  simple  microscopical  examination.  To  meet  the  exi- 
gencies of  the  case,  Koch  has  studied  the  mode  of  giwth  of  the  bacdlu. 
Sd  he  has  devised  for  its  cultivation  certain  special  processes,  on  the 
Wic  ti^^^  of  which  the  diagnosis  of  Asiatic  cholera  may  very  safely 

St     The  fost  requisite  is  to  separate  some  of  the  bacilli  or  to  germ 
the  mass  which  contains  them,  and  this  may  readily  be  done  in 
lrm"be  described  in  another  part  of  this  volume  (^de  chapter 
m-,  McHiods  of  Bacteriological  Research). 

kI^I  and  exhaustiv,  s.»ch  fov  the  cl.olera-bacUus  may  bs 
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microscopically  for  the  bacillus.  In  doing  this,  tlie  expedient  of 
Schottelius'^  may  be  adopted  with  advantage.  He  puts  a  little  of 
the  stool  in  an  open  glass,  togetlier  with  an  equal  quantity  of  alka- 
line meat-broth,  and  allows  the  mixture  to  stand  at  a  temperature  of 
3o°-4o''  C.  for  twelve  hours.  At  the  expiration  of  that  period,  the 
bacilli  Avill  be  found  in  swarms  on  the  surface  of  the  glass,  and  a 
specimen  may  be  obtained  which  will  consist  almost  entirely  of  them. 

2.  A  particle  of  the  discharges  or  a  drop  of  the  infected  broth 
(ScJiottelius)  is  next  spread  out  in  a  very  thin  layer  between  two  cover- 
glasses,  dried,  passed  three  times  through  the  flame  of  a  Bunsen  burner, 
stained  with  one  of  the  basic  anihne  dyes  (fuchsin,  methylene  blue)  and 
examined  imder  the  microscope. 

3.  Plate-cultivations  are  made  from  the  suspected  stools  with  nutrient 
gelatine  and  agar-agar,  as  described  in  Chapter  X. 

4.  If  comma-bacilli  develop  in  these,  cultivations  are  to  be  made  by 
inoculation  in  the  depth  of  nutrient  substances. 

5.  The  baciUus  is  to  be  cultivated  in  hanging  drops  (vide  Chapter 
X.) — (it  is  well  to  apply  this  test  at  once,  in  the  event  of  comma-bacilli 
being  found  in  SchotteHus'  preparation)— and  the  micro-organisms 
developed  in  the  medium  are  to  be  compared  with  those  derived  by 
plate-cultivation. 

When  the  discharges  examined  belong  reaUy  to  Asiatic  cholera,  the 
processes  i  and  2  will  generally  show  the  comma-bacillus  of  Koch.  The 
inference  to  be  drawn  from  the  third  process  depends  upon  the  fact 
that  the  cholera-bacillus,  cultivated  on  a  nutrient  gelatine  plate  at 
22°  C,  forms  after  twenty-four  hours  white  colonies,  with  irregular, 
jagged,  or  sinuous  outlines.  These  exhibit  a  light-yeUow  or  rosy  tint,' 
and  present  an  appearance  like  that  of  a  layer  of  powdered  glass  over- 
lying the  gelatine  plate.  The  colonies  grow  gradually  darker  towards 
their  centre,  and  presently  begin  to  liquefy. 

Plate-cultivations  in  nutrient  agar-agar  form  a  greyish-yello^v,  fur- 
rowed, sHmy  surface,  and  do  not  cause  the  underlying  nutrient  medium 
to  liquefy. 

When  cultivated  by  inoculation  in  the  depth  of  the  nutrient  sub- 
stance contanied  in  a  test-tube  (v.  supra),  after  the  lapse  of  twenty- 
four  hours  the  nature  of  the  baciUus  is  shown  by  a  white  coloration, 
which  extends  along  the  track  of  the  needle,  and  the  formation  of  a 
funnel-shaped  cavity,  which  increases  gradually  from  the  circumference, 
and  acquires  the  appearance  of  an  air-bubble.  It  is  only  at  its  super- 
ficial part  that  this  liquefaction  occurs,  the  lower  layer  of  tlie  inoculated 
substance  remaining  unaltered  for  days. 

In  hanging-drop  cultivations,  the  comma-bacillus  exhibits  the  follow- 
ing peculiarities  (v.  supra)  :-W]ien  examined  on  tlie  day  followinc. 
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the  inoculation,  or,  it  may  be,  after  the  lapse  of  a  few  hours,  and  with 
an  oil-iuimersion  lens  and  a  constricted  diaphragm,  mobile  swarms  are 
seen  in  the  centre  of  the  mass,  while  at  its  circumference  appear  the 
spiroch£ete-like  bodies,  which  sometimes  exhibit  as  many  as  twenty 
spiral  twists.  Suppose  that  a  specimen,  which  Schottelius'  method  had 
previously  shown  to  contain  micro-organisms  when  cultivated  in  this 
manner,  displayed  some  forms  which  resembled  the  comma-baciUus,  it 
Avill  then  be  necessary  to  transfer  some  of  these  drop-cultivations  in  the 
manner  described  in  Chapter  X.  for  cultivation  by  the  plate  and  deep- 
inoculation  methods. 

Bujwid  has  recently  recommended  his  chemical  process  (see  below),  in 
combination  with  that  of  SdwUelhis  for  the  purpose  of  disclosing  the 
cholera  microbes,  even  without  the  aid  of  the  microscope. 

It  should  be  mentioned  that  the  cholera-bacillus  will  thrive  at  a  tem- 
perature of  37°,  and  even  on  boiled  potatoes.  Its  cultivations  resemble 
those  of  the  bacillus  of  glanders  to  the  naked  eye,  but  their  gro^vth  is 
slower  and  needs  artificial  heat.  The  baciUi  are  very  sensitive  to  drying 
and  to  exposure  to  a  5  per  cent,  solution  of  carbohc  acid. 

Bitter  and  Rietsch^"  have  shown  that  the  cholera  microbes  elaborate  a  peptonis- 
ing  ferment. 

'  Poehl  and  Bupoicl^^  found  that  the  addition  of  a  5  to  10  per  cent, 
solution  of  hydrochloric  acid  will,  in  a  few  minutes,  impart  to  cholera 
cultivations,  and  to  no  others,  a  violet-rose  colour;  and  Brieger^^  has 
been  able  to  separate  from  them  a  colour-substance,  to  which  he  gives 
the  name  of  "cholera-red,"  but  which  SalJwivski^''  identifies  with  mdol. 
Bujwid's  cholera  reaction  does  not  seem  to  merit  the  commendations 
bestowed  on  it.  Other  fungi,  pathogenic  and  hanocuous,  behave  m  a 
similar  manner  with  mmeral  acids. 

The  foregoing  observations  were  confirmed  by  Kitasato.a* 
Cantani'^  notices,  as  a  result  of  his  experiments  upon  anhnals,  that 
cholera-bacilh  elaborate  a  poison;  and  Bneger^<^  has  actually  separated 
from  its  cultivations  specific  toxic  substances,  which  occur  together  with 
cadaverin  and  putrescin,  and  result  from  the  agency  of  cholera  microbes. 
The  method  he  employed  is  that  detailed  at  page  158.  It  remams  lor 
the  clinical  obsei^ver  to  detect  these  substances  ready-formed  m  the 
discharges  of  cholera  patients ;  and  some  progress  has  aheady  been  made 
in  this  direction  (Pouchety^  Kecent  research  has  made  it  doubtful 
whether  it  is  these  toxines  which  play  so  important  a  part  in  the  morbid 
.  process,  and  not  rather  the  toxalbmiiins  from  which  they  are  kno^vn  to 
originate. 

.  +wn  othPr  micro-organisms  which  bear  a  considerable  resemblance 
JlZ'ZT^^'  on'At  «,e,e,  the  ..CU,„.  oe  ~.st™,,  is  . 
pathogenic  ^icro-organl™  ;  the  other  Is  J>c,cle:  sp.nllum  of  oheese. 
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2.  The  Bacillus  of  Cholera  nostras. —/"ini^fc  and  Prior have  observed  a 
micro-orgauLsm  resembling  the  comma  bacillus  in  the  discharges  of  cholera 
nostras.  It  is  distinguished  from  the  bacillus  of  Asiatic  cholera  chiefly  by  its 
size  (Hg.  71),  being  both  longer  and  broader  than  the  latter.  In  addition  to 
this,  the  two  exhibit  notable  diiferences  in  life-history.  When  a  colony  of  the 
FinUer-Prior  bacillus  is  cultivated  on  a  plate  in  nutrient  gelatine,  it  is  seen  to 
be  of  a  uniformly  round  figure  with  well-defined  edges  ;  and  when  examined  with 
a  low  or  medium  i^wer,  it  has  a  granular  appearance,  and  is  usually  of  a  brown 
colour.  Moreover,  the  gelatine  rapidly  liquefies,  and  emits  a  ^-ery  foul  and 
penetrating  odour. 

The  comma-bacillus  of  Koch,  on  the  other  hand,  develops  less  rapidly.  The 
colonies  are  never  coloured  brown,  but  of  a  tint  ranging  from  light-yellow  to 
rose-colour;  and  the  figure  which  they  form,  as  already  mentioned,  is  bounded 
with  a  ragged  contour  (see  p.  175). 

Again,  when  cultivated  by  inoculation  in  the  depth  of  nutrient  substances 
this  bacillus  develoiDs  in  a  very  chai-acteristic  way  ;  for  whilst  the  comma  bacillus 
swarms  in  the  funnel-shaped  manner  already  described,  the  cultivation  in  this 
case  assumes  a  saccular  shape,  somewhat  comparable  to  that  of  a  stocking  V 
Hovorl-a  and  WMdcr-^^  employ  plover's  egg-albumin  as  the  food  medium.   This  is 


F.o.  j.-Fimer-Prlor  BaciUus  of  Cholera  nostras  (pure  cultivation  ;  eye-piece  III  ol.V.r 
Zeiss  ,V,  homogeneous  i.nmersion  ;  Abbe-,  mirror  ;  open  condenser)  ' 

nSd^^T^f  "^^^  Finkler-Prior  bacillus,  while  the  comma  baciUus  is  pro 
Ihet  H  1  ''^'^  °'  '•^•^^  decompose  i  ' 

bears  a  close  resemblance  to  th.  ^  ^1'^™-°^^^"!^^  in  ripe  cheese  which 
upon  this  food.    The  crucial  tP.t  L  '  T       "'^  t^^-^^e 

more  lecently  by  Gafiky  ami  very  many  others. 


Gafky  describes  the  fungus  as  consisting  of  rods,  in  lo.igth  equal  to 
one-third  the  diameter  of  a  red  hlood-corpuscle,  and  occasionally  forming 
threads  of  greater  length  by  the  aggregation  of  seveml  segments^  ll^y 
are  about  three  times  as  long  as  they  are  broad,  and  rounded  off  at  the 
extremities.  Spores  are  sometimes  to  be  seen  ^vltlun  the  rods.  They 
stain  best  in  a  concentrated  .vatery  solution  of  methylene  blue  and 
m.^s  process  (p.  43)  the  most  appropriate  to  the  prirpose  They 
ar;  not  stained  by  Gram's  method.  and  P/^.^e,,  using 

Utier's  process  for  staining  flagella,  have  observed  these  processes  on 
the  baciUi  of  typhoid  and  of  malignant  cfidema. 

Gafky    has  ascertained  certain  facts  connected  wit   the  ^f'^^^^^ 
of  the  t'yphoid-bacillus.    It  develops  readily  in  a  medium  of  nut  en^^ 
oelatine      In  a  preparation  of  this  kind  the  cultivations  make  then 
Sppelnce  after  L\apse      twenty-fonr  hours.  ^^-^ ^^f^^ 
f  medium  po.ver  of  the  microscope,  they  seem  to  be  yellowish,  and  thej 


V     .  »vp  nipre  III    homogeneous  immersiou,  objective 

do  not  render  the  gelatine  fluid.    Rods  and  .threads  and  they 

-  endowed  with  an  ^^^^^l^T^^^^ 
develops  on  prepared  potato.    Th  cdorues 

difficulty  by  the  naked  eye  J^^^  ;^^,^7,'2n  to  form  after  tlu-ee  or 
rn:;^  :  "i^Z^^^  ^ontary  and  segmented 

Te"  to  be      n  the  first  in  hanging-drop  cultivations,  and  he 
spores  are  to  be  seen         _  observer  recommends  that 

latter  when  cultivated  m  ^/^^f  P^"  JJ^J  benzo-purpurin,  by 
the  nutrient  medium  be  ^'^^^^^'"^l^ff^.  t  There  is  much  doubt 

7^t:^t::r7i^^  .ores  (~  r^-^^ 

^.^1:^       easily  cultivated  hi  hanging  ^^o^;  —  ^ ^t  on 
The  bacillus  occurs  also  in  the  stools  ^l^f^iLl,      be  found 
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microscope  alone.    Neither  does  it  possess,  like  the  baciUus  of  tubercle, 
any  characteristic  staining  properties.     For  its  complete  recognition,' 
therefore,  we  must  resort  to  Koch's  methods  for  obtaining  pure  cultiva- 
tions, and  separate  it  from  the  faecal  substances.    Pfeiffer^^  was  the  first 
to  do  this,  and  he  made  use  of  the  nutrient  agar-agar  plate.    A  useful 
adjunct  is  the  employment  of  a  0.25  per  cent,  solution  of  carbol-gelatine, 
after  the  manner  of  Ghantemesse  and  Widal.'^^    According  to  HoUz,^ 
howevei-,  this  is  impracticable,  since  he  found  that  the  development  of 
the  bacilli  Avas  suspended  in  presence  of  o.i  per  cent,  of  carboHc  acid. 
The  best  medium  is  neutral  potato-gelatine  containing  0.05  per  cent,  of 
carbohc  acid.    For  the  recognition  of  this  micro-organism,  Holtz,  foUow- 
mg  Grancher  and  Deschamps,^^  recommends  weakly-acid  bouillon  or 
similarly-prepared  milk  stained  hj  Noeggerath's'->-^  process.  Kitasato^^ 
relies  upon  the  absence  of  the  indol-reaction  from  such  a  cultivation  as 
evidence  of  the  typlioid-bacillus.^*    The  researches  ol  Babes  and  Cas- 
sedebat^o  j,^^,  ^-^^^^^  ^^^^         investigation  is  attended  with  much 
chftculty,  since  there  are  a  great  many  distinct  fungi  which,  when  culti- 
vated, present  appearances  quite  similar  to  those  of  the  typhoid-bacillus. 

It  is  difficult  to  effect  the  separate  cultivation  of  typhoid-bacillus  derived  from 
the  faeces  in  nutrient  gelatine,  because  the  discharges  contain  other  m  Jro 

ySrirba  or'  '^^"^'^        -^"^^"^  "^^^-^  olZZ 

r-ypnoicl-bacilli  appear  in  it. 

When  the  micro-organism  under  discussion  has  been  experimentaUy 
ommunicatecl  to  animals,  it  causes  them  to  manifest  the  symptoms  of 
typhoid ;  and  the  researches  of  E.  Frankel,  M.  Simmonds,  and  k  SeUr 
seen,  to  leave  no  doubt  as  to  its  pathogenic  character.    Be^.ner  ami 
Pe^per,^'  on  the  other  hand,  have  come  to  a  different  conclusion  Bea"- 
mg  m  mind  Brieger's  cUscovery  of  animal  alkaloids  (ptomaines)  as  n 
product  of  bacillary  life,  it  seems  probable  that  such  plfy  an  imporL 
p  r   in  connection  with  typhoid,  and  this  may  weH  expli  the  cont- 
v  r  ed  .estdts  obtained  in  the  experiments  upon  animals  reported  by 
Fravkel,  Simmonds,  and  others.  ■■ 

poSS;  ofT;;hdd-racmfbl1  dT'^^"  ^:^7^;--«^-t-s  tend  to  prove  the 
by  milk.=s  ^^^"8^  disseminated  by  means  of  drinking-water  and 

which   have  already  be  „  delriW  --'h"^^ -e  employed 

{vide  p.  ,04).  described  ,„  eomiectlon  with  the  sputum 

The  detection  of  this  barillim       ^■^  r 
e.- W  0.  tube^e,  but  J^^Z^^^  ^Sj^liti^^: 
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it  may  be  derived  from  sputa  which  have  been  swallowed  Stdl,  xu 
cases  where  it  has  been  repeatedly  found  in  the  stools,  and  where  it 
occurs  in  great  profusion,  so  as  to  resemble  pure  cultivations  {oide  fig.  io8), 
and  especially  where  the  other  symptoms  of  tubercular  idceratiou  of  the 
intestine  (purulent  discharges,  &c.)  are  present,  the  diagnosis  .s  estab- 
lished  on  the  firmest  basis. 

elude  Rhizopoda,  Sporozoa,  and  Infusoria. 

J;rfMra°.uLs.-iYo^/..«<r/eZO^  found  these  organisms  repeatedly _  ill 
th!lo W  consumptive  and  typhoid  patients,  and  of  persons  suffering 


Fic.  73. 


(I  Triuliomonas  intostiiialis. 

6.'  Ceioomonas  intostinalis  {DavaMt). 

c.  Amcfiba  coli. 


il.  ParuruiKciuiu  coli. 
e.  Monadiues,  living. 
/.  Monadines,  dead. 


.      .V  ThPv  were  always  dead  unless  the  stools  were 

tag  pointed  process,  which  mo.es  about  rapidly  (fig.  73,  'J■  JT^^^l 
Stajrf,  they  have  no  ifl^^f  "Vl^rrfco ^eTe JoM^ 
.i^ilar  bodies  in  the  stools  of  a  ^f';l^^'''^,^^^^,i,,M^a.,«., 
Bodies  altogether  resembUng  these,  but  not  as  yet  "denme 

^r  i„  thf  ^  bodies  of 

,  ntht-f^undt  th"L  a  ca.e  of  intestinal  nice,  of  a 
rnS:—  l-cter.  These 

,         t  .^vmilnr  form,  had  a  diameter  of  20-35  ^.  J-^^.) 
hyaline  vesicle,  bnt  no  distinct  celUvall  (iig.  73,  • 
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Similar  organisms  ]iave  been  found  in  tlie  intestine  by  Lambl,^'^  and 
Kartulis,  Massuitin,  Oder,  and  Z)ocA:«o  liave  seen  amoeba-like  organisms 
in  the  stools  of  i^atients  suffering  from  dysentery  and  clironic  enteritis. 

2.  Sporozoa.— Again  reverting  to  Leuckart's  classification,  the  sporozoa 
^vhich  cliiefly  concern  us  here  are  the  oval  psorospermia,  the  group  to 
Arhich  belong  the  coccidia  which  infest  the  intestinal  tract  of  man 
{Eh-essle)',  GuUer,  Kjellherg,  Eimer)^-^  and  the  liver  {Podwyssokiy^ 
They  appear  in  the  faeces  as  elliptical  forms,  0.022  mm.  long,  furnished 
with  a  thiji  membrane,  and  enclosing  mthin  their  substance  a  number 
of  gi'anular  nuclei,  arranged  for  the  most  part  in  groups.    They  are  to 
be  found  in  great  numbers.   Their  favourite  seat  is  the  intestinal  mucous 
membrane,  where  they  burrow,  doing  much  damage  to  its  structure 
For  this  reason  Leiickart  appropriately  names  the  parasite  Coccidium 
perforans. 

3.  Infusoria.— 1.  Cercomonas  intestinalis.— This  protozoon  was  first 


Fia.  74.— Cevcomoiiada  from  tlic  Stools. 
«.  llogastonia  eutericum  {Graasi). 
0,  b\  Encysted  forms  of  Cercomonas  intestiualis 
c.  Cercomonas  intestinalis  after  loss  of  its  tentac'les  {LambI). 

found  by  LamU^^  in  the  jelly-like  mucous  discharges  of  children  -md 
was  afterwards  observed  Davaine,  MarcUancl,  Ll  Z.^"  ^ 
of  pmform  shape  clearly  nucleated,  and  furnished  with  eight  'tentacle 
o  varymg  length  (see  fig.  74,  a).  Davanie  discovered  it  in  c  " 
Marchand  m  typhoid,  and  Zunker  in  nine  cases  of  diarrhoea.  It  vould 
appear  ^-om  these  facts  that  the  Cercomonas  intestinalis  is  apt  to  t W 

seve  e  diairho^a.  ihe  observations  of  Zunker  especially  stronc^then  tlii. 
conclusion.    According  to  Grassi  and  Schewiaknffn  °  ^'"'^ 

The  Megastoma  enterieum.  l„t,ly  Scribed  by  is  almost  c». 
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tainly  identical  with  Lambl's  Cevconicna^."  Pemmcito-'  has  observed 
the  encysted  forms  of  the  parasite  in  the  intestine  (fig.  74,  6)— observa- 
tions confirmed  by  the  author  in  the  case  of  children-'^^ 

Other  Cercomonads  have  been  seen  in  the  same  situation  {Davame), 
(see  fig.  73,  h). 

2  Trichomonas  intestinalis.  — This  is  a  pear-sluiped  organism,  some- 
what lai-er  than  Cercomonas  intestinalis,  and  distmguished  from  it 
bearmg  a  ciliated  disc  at  one  extremity  (fig.  7_3,  «)•  It  has  been  obtained 
from  the  intestme  by  Marcliand  and  ZtmkerJ'' 

■   3  Paramecium  coll  {Balantidium  coli).-An  entozoon  first  found 
hyMalmsteu'^  in  the  discharges  of  diarrhoea,  and  afterwards  observed 
by  SHeda,  Graziadei,  PerroncUo,  and  K.  OHmann.'^^    It  is  oval,  o.i 
mm.  long,  and  covered  with  cilia,  which  are  planted  more  thickly  around 
the  buccal  (f)  orifice.   The  anterior  extremity  is  smaller  than  the  posterior, 
and  the  opening  (anal)  in  this  situation  is  but  sparingly  pro^;lded  wi  h 
ciUa     The  abdominal  surface  is  less  arched  than  the  dorsal.  InternaUy 
it  is  furnished  with  a  nucleus  and  two  contractile  vesicles,  and  frequently 
contains  amylum  particles  and  fatty  granules.    Its  presence  appears  to 
be  associated  with  diarrhoea,  but  it  has  no  other  clinical  significance. 

In  addition  to  the  varieties  mentioned  here,  other  infusoria  are  occa- 
sionally iiresent  in  the  intestine  (F.  Jalcsch)P 

2   Vermes  -The  investigation  of  the  f^ces  for  mtestmal  worms 
l.as  become  of  late  years  a  matter  "of  .special  interest  ^ 
because  experience  daily  teaches  us  that,  even  m  tenn--te  ^u^ate 
the  alimentary  canal  is  apt  to  be  beset  with  certam  parasites  of  tins 
ctss  which  must  be  reckoned  amongst  the  most  formidable  pests  of 
mankind  •  and  it  often  happens  that  an  accurate  diagnosis  of  then 
nitl;  alone  enable  the  physician  to  adopt  inteUigent  methods  for 
their  removal,  and  so,  it  may  be,  to  save  his  patients  life. 
Class  I.— Platodes. 

(a.)  Cestodes.— The  following  tapeworms  concern  us  here 

1.  Tsenia  saginata  (mediocanellata). 

2.  Taenia  solium. 

3.  TfEiiia  nana. 

4.  Tisnia  flavopunctata. 

5.  Teenia  cucumeriira  (elliptica). 

6.  Bothriocephalus  latus.  •    1  ,„„o,.  tbmi 
g;adually  than  in  Tamia  solium,  ami  are  commonly  pigmented. 


•I'APEWORMS. 


The  uterus  is  vciy  uuicli  branched,  and  tlie  genital  pore  is  situated 
ut  the  side  of  the  proglottis.  The  eggs  resemble  those  of  Taenia  solium, 
but  arc  more  oblong,  and  exhibit  the  primordial  yolk  membrane. 
Hooklcts  are  not  discernible  in  the  embryo  (fig.  75). 


Fig.  75.— Tcuuia  saginata:  Head  ;  Proglottis;  Egg,   (Reiolierl's  eyepiece  III.,  objective  IV.) 


2.  Taenia  solium,  si— The  Tsenia  solium  may  measure  upwards  of 
two  or  three  metres.  Its  head  is  quadrilateral,  about  as  large  as  a 
pin's-head  (^^  to  ^\  of  an  inch),  and  dark  in  colour.  This  is  succeeded 
by  a  dehcate,  thread-like  neck,  about  an  inch  in  length,  and  nnjointed. 
The  segments,  or  proglottides,  which  form  the  rest  of  the  body,  are 


F,a.  76.-T«nia  solium,  Head  (magniHcd),  IToglottis  (actual  si.e),  and  ligg  (magnified). 


Short  and  relatively  broad  near  tlie  neck;  but  as  they  increase  in  size 
his  relation  ceases,  and  stiU  gi.owing  in  both  dimensions,  their  quadri- 
lateral form  becomes  evident  about  tliree  feet  from  the  head.  Their 
average  length  is  from  9  to  10  mm.,  and  their  breadtli  6  or  7  mm. 

Under  the  microscope  the  head  is  seen  to  present  four  prominent 
suctorial  discs,  usually  pigmented,  and  between  them  a  rounded  elevation 
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oi'  rostelluni,  wliitli  is  surrounded  witii  uljout  Iwenty-six  booklets  of 
different  sizes. 

The  sexual  apparatus  first  becomes  visible  about  a  foot  from  the  head 
(Bristowe).  The  uterus  is  but  little  branched,  and  the  genital  pores  are 
situated  somewhat  behind  the  middle  of  each  segment. 

The  eggs  are  oval  in  shape,  about  0.03  mm.  in  diameter  and  0.036 
mm.  long,  and  surrounded  with  a  thick  sheU,  which  is  radially  striated. 
When  the  eggs  are  mature,  they  may  be  seen  to  contain  embryos  fur- 
nished with  hooklets  (fig.  76). 

3.  Taenia  nana.^^— This  parasite  averages  from  10  to  15  mm.  m 
length,  and  its  greatest  breadth  is  about  0.5  mm.  It  has  a  globular 
head  0.3  mm.  in  diameter,  furnished  ^^■ith  four  circular  suckers,  and  a 
rostellum  0.06  mm.  long,  carrying  twenty-two  to  twenty-four  hooklets 
at  its  anterior  extremity,  which  is  rounded  off.  The  rostellum  can  be 
protruded  to  a  consideral^le  distance  from  the  head  or  entn-ely  withdrawn 


Fic.  77.-T*nia  nana  :  Head  (with  Rostellum  drawn  iu  ;  Proglottis  Eg-. 


within  it  In  the  latter  position  it  has  the  form  of  an  hour-glass.  The 
body  is  attenuated  in  its  anterior  third,  but  proceeding  backwards  grows 
Quickly  in  bulk.  The  segments  are  short,  and  towards  the  end  of  the 
body  arc  scarcely  one-fourth  so  long  as  they  are  broad.  The  uterus  is 
oblong  and  loade.l  witli  eggs  of  0.03  to  0.04  mm.  in  diameter.  The 
shell  does  not  exhilnt  the- rod-like  structure,  but  consists  of  a  double 
membrane,  within  which  are  a  spiral  thread  and  amorphous  matter,  m 
which  gi-anules  are  embedded.  In  the  interior  of  the  egg  may  be  seen 
the  embryo,  already  provided  with  five  or  six  booklets  (fig.  77)-  The 
parasite  may  be  present  in  great  numbers  in  the  intestine,  and  is  apt  to 
produce  severe  nervous  symptoms,  such  as  epileptic  seizures,  insensi- 
bility and  mental  derangement,  and  melanchoha  {Gmssi,  Comim).  • 

Recent  observations  go  to  prove  that  the  Tc^nia  nana  is  very  widely 
distributed.  It  especially  attacks  children  and  young  pei-sons.-  It  was 
first  discovered  by  Bilharz  in  Egypt,  and  since  tlien  ha.  been  recognised 


t^:nia  flavopunctata— cucumerina. 
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as  of  common  occurreiice  iii  Italy  and  SiciJy.s-^  It  is  probable  that  it 
exists  elsewhere  more  frequently  than  is  supposed.  Ramon  has  pub- 
lished an  accoimt  wliich  goes  to  pro\-e  that  it  was  observed  in  England 
so  long  ago  as  1856.S5  According  to  Grassi,  Taenia  nana  is  in  Sicily  the 
commonest  para.site.  The  number  present  in  a  single  individual  may 
reach  4000—5000. 

4.  Taenia  flavopunctata.— This  bears  a  close  resemblance  to  Ta3nia  nana,  but  it 
is  of  greater  length  (12  to  20  mm.),  has  no  rostellum,  and  only  two  suckers.  The 
eggs  are  like  those  of  Tasnia  solium  (Parana),  and  larger  than  those  of  Tsenia 
nana.  The  occurrence  of  the  parasite  in  man  rests  upon  the  testimony  of  Leidy 
and  Parona,^  but  is  disputed  by  others ;  and  Grassi^'  identifies  it  with  Ta;nia 
leptocephala,  which  has  hitherto  been  found  only  in  certain  species  of  mice  and 
rats  (Mus  dccitmamis  and  Miis  rattm). 

5.  Taenia  cucumerina  {elliptica).—T\i[ii  is  a  worm  wliich  averages 
18-25  cm-  in  length.    The  head  is  situated  at  the  thinner  end,  and  has 


Fig.  78. -Tienia  cucumei-ina  :  Head;  Proglottis  (magnified). 

some  sixty  booklets  ii-regularly  disposed  around  the  rostellum,  which  is 
a  coarse  club-like  process  when  projected.  The  first  forty  proglottides 
are  of  sma  size,  but  increasing  as  they  proceed  backwards  both  in  length 
and  breadth,  and  especially  in  the  former  dimension,  measure  at  The 
extremi  y  6  to  8  mm.  by  2  mm.  in  breadth.  The  mature  segments  are 
of  a  reddish  colour,  and  readily  separate  from  those  nearer  to  the  head. 
The  eg^s,  when  shed,  have  a  diameter  of  0.05  mm.,  and  contain  an 
emiiyro  furnished  with  booklets. 

_  The  parasite  is  not  at  all  rare  amongst  human  beings it  especiaUv 
infests  children,  and  is  acquired  by  them  from  dogs. 

nr,ri  T...„;„  1  ""^  ""™f^/°^estme.  Ihesoare  Ta:nia  madagascariensis  (ffmicns* 
and  Txnia  leptocephala  (Grassi),  which  possibly  is  the  samf  as  T^nia  nana!»o 
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6.  Bothriocephalus  latus.''^— This  wonn  attains  a  length  of  5-8 
metres.  The  head  is  ovoid,  and  2  mm.  long  hy  i  mm.  In'oad.  It  is 
cleft,  and  provided  with  two  lateral  snckers,  placed  on  either  side  of  the 
middle  line.  It  has  no  liooklets.  The  proglottides  are  at  first  short 
and  small.  They  increase  in  breadth  as  they  proceed,  and  towai'ds  the 
end  of  the  parasite  approach  the  square  form. 

The  uterus  of  mature  proglottides  containing  eggs  exhibits  a  reti- 
form  arrangement,  and  appears  supcrficiaUy  as  a  small  rosette.  This 
uterine  rosette  is  characteristic  of  Bothriocephalus  latus. 

The  eggs  are  oval,  and  measure  0.07  mm.  by  0.045  mm.  They  are 
covered  with  a  brown  shell,  and  open  by  a  sniall  lid  at  one  end.  They 
contain  centrally -transparent  masses  of  protoplasm  oi  uniform  size, 
Bothriocephalus  latus  has  recently  acquired  an  increased  clinical  signi- 
ficance, inasmuch  as  it  has  been  found  frequently  by  diiferent  .observers 
in  conjunction  with  the  symptoms  of  pernicious  auffimia.^^ 

Other  varieties  of  this  parasite  liave  been  observed,  as  the  B.  cordatus  in 
Greenland,»3  .^^d  the  B.  lignloides  in  Japan  and  China.  The  latter  infests  the 
sub-peritoneal  tissue,  and  especially  that  of  the  lambar  region  in  man. 

The  presence  of  one  of  the  tape-worms  here  described  is  made  evident 
—apart  from  clinical  symptoms,  which  Ao  not  concern  us  here-by  the 
discovery  nf  proglottides  in  the  stools. 


K.G  70  -Head  of  Bothriocoplmlus  lutus  (eye-piece  Ul.,  objeetive  IV.,  llM). 
■      «.  Seen  on  edge;  V.  Seen  on  the  flat;  c.  Proglottides;  d.  Eggs. 

A  careful  microscopical  exammation  with  a  --^^^/'"^f^ 
nack  obiectivc  IV.,  Zeiss  objective  C,  Eeichert  objective  IV. 
shot  the    -s  in   he  f.ces.    When  it  is  supposed  that  a  patient  is 
ufflrin.  f?om  tape-worm,  whilst  yet  no  evidence  of  the  parasite  caix 
^  de'ted  from  a  careful  iirspection  of  the  stools  it  is  well  to  xn^ 
^e^ with  water,  wHch  is  constantly  poured  off  and  ^^^^ 
greater  part  of  the  fecal  mass  has  been  dissolved.  ^^^^'^^  ^ 
the  sediment  will  then  inevitably  reveal  the  eggs,  if  the  suspicion  1  e 
til  founred     To  determine  to  what  form  of  tape-worm  a  particular 
well  iounclea.  „,nceedin"  is  to  examine  tlio  specimen, 

proglottis  belongs,  the  best  pioceeain^  1- 
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mounted  in  glycerine,  with  .a  low  magnifying  power;  and  the  same 
thing  may  he  done  if  a  head  he  obtained. 

Cysts  of  echinoooccus  and  booklets  may  be  found  in  the  fiiices  when  a  hydatid 
cyst  has  burst  into  the  intestine.  Heller  was  able  by  the  discoveiy  of  such  a 
cyst  to  diagnose  a  doubtful  liver  complaint  as  one  of  hydatids. 

{h.)  Trematodes."'— The  varieties  of  distoniata,  D.  liepaticum  and  D. 
lanceolatuni,  have  been  found  in  rare  instances  in  the  intestine  or 
biliary  passages  of  man. 

1.  Distoma  hepaticum. — This  is  a  leaf-shaped  Avorm.,  measuring 
28  mm.  by  12  mm.  The  head  is  short,  and  furnished  with  a  sucker. 
There  is  another  sucker  on  the  ventral  aspect,  and  between  the  two  the 


Kn;,  80. — Distoma  liepaticum. 


genital  pore  is  situated.  The  latter  leads  to  a  uterus,  which  is  convo- 
luted like  a  ball  of  wool. 

The  eggs  are  oval,  0.13  mm.  long  and  0.08  mm.  broad,  brOAVii  in 
colour,  and  covered  with  a  shell  consisting  of  t\vo  layers  ;  one  end  is 
broader  than  the  other,  and  opens  by  a  small  lid.  Biernier,  Bostroem, 
and  Baelz,^^  have  described  these  parasites  as  occurring  in  human  beina.s 

2.  Distoma  lanceolatum.-This  entozoon  is  from  8  to  9  mm.  lon-^ 
and  2-3.5  "lui.  broad.  It  is  lance-shaped,  as  its  name  implies,  and 
pointed  at  either  extremity,  but  more  so  in  front  than  behiiKl.  In 
other  respects  its  form  resembles  that  of  Distoma  hepaticum. 

The  eggs  are  0.04  mm.  long  and  0.03  mm.  broad,  and  they  contain 
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the  mature  embryo.  Bizzozero'^'^  maintains  that  when  the  worm  is 
present  in  tlie  intestine,  its  eggs  are  to  l)e  found  in  the  stools.  The 
observations  of  Baelz,!""  corroborate  this  view.  Perro7icito'^'>^  found  the 
eggs  of  this  fluke  in  the  case  of  persons  infested  by  anchylostoma. 

The  last  two  forms  of  parasites  but  rarely  occur  in  man,  and  con- 
sequently neither  they  nor  their  ova  are  often  to  be  seen  in  the  fajces. 
Moreover,  they  very  seldom  cause  serious  symptoms. 

3.  Distoma  rathonisi.'"-— This  distoma  was  described  by  Rutlwnu,  who  observed 
the  first  specimen  iii  a  Chinese  woman,  thirty-seven  years  of  age.  The  host 
suffered  from  severe  pains,  referred  to  the  liver.  The  parasite  resembles  D.  hepa- 
ticnm,  but  is  larger  (25  mm.) ;  the  ramifications  of  the  alimentary  canal  are  less 
complex,  especially  towards  the  hinder  end. 


Fig.  81.— Distoma  lanceolatum  (eight  times  actual  size)  aud  Egg.'. 


CLASS  II.— ANNELIDES. 

I.  Order  Nematodes  {Round  Worms). 

a.  Family  Ascarides}^'"^  _         r  j  •  1 

1  Ascaris  lumbricoides  (common  round  worm).— This  is  a  cylindrical 
worm,  of  some  size,  with  a  body  that  tapers  from  before  backwards. 
The  male  is  250  mm.  and  the  female  400  mm.  long.  The  head,  wliicli 
is  distinct  from  the  body,  consists  of  three  conical  prommences  (hps) 
furnished  with  tactHe  papilla  and  minute  teeth.  The  caudal  process  of 
the  male  is  folded  hook-hke  on  the  abdominal  surface,  and  is  provided 
with  papillae.  In  the  female,  the  vulva  lies  deeply  behind  the  anterior 
third  of  the  body.  The  eggs  are  nearly  round,  and  brownish  yellow  m 
colour.  Their  diameter  is  0.06-0.07  mm.  In  the  ^  ?  ^tor^^h 
covered  externally  with  an  albummous  layer,  and  beneath  this  1.  a  tough 
shell,  which  in  turn  encloses  the  very  granular  contents. 

The  Ascaris  lumbricoides  infests  the  small  intestine  m  man,  and  it 
appears  to  be  common  to  all  climates.  It  occurs  also  in  cattle  and  m 
Hheep     It  has  no  special  medical  interest ;  but  it  is  thought  by  Lnt. 
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to  cause  spasm  aiid  tympanitis,  ajid  to  impede  nuti-itiou  in  children. 
Kartulis  records  a  case  of  death  in  a  man  following  directly  upon  an 
invasion  of  the  liver  by  ascarides.    Severe  nervous  symptoms  also,  as 


Fic.  82.— Ascavis  lumbricoides.    a.  Tlie  Worm  ;  h.  Head  ;  c.  E"g. 
a,  half  natural  size;  6,  slightly  magnified  ;  c  (eye-pieoe  I.,  olajeotiTe  8a° Meiolim). 

amaurosis,  strabismus,  and  evidence  of  meningitis,  ""^  have  been  found 
to  accompany  their  presence  in  great  abundance.  They  have  caused 
death  by  invading  the  liver.'"^ 


Fig.  83.— Ascaris  mystax. 
«.  Male ;  h.  Female  ;  c.  Head ;  d.  Egg. 


2.  AscariB  mystax  (romid  worm  of  the  cat).-This  worm  closely 
resembles  the  preceding,  but  is  smaller,  and  is  readily  distinguished 
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from  it  by  the  shape  of  its  head,  Avhich  is  pointed,  and  bears  two  lateral 
wing-shaped  processes.  The  male  is  45-60  mm.  long,  and  the  female 
1 10-120  mm.  The  eggs  are  globular,  larger  than  those  of  A.  luin- 
bricoides,  and  covered  Avith  a  dimpled  shell  (fig.  83). 

3.  Oxyuris  vermicularis  (common  thread-worm  or  teat-worm). — ^The 
female  is  10  nun.  in  length,  and  exhibits  two  fully-developed  uteri, 
which  extend  symmetrically  backwards  from  the  vaginal  orifice.  The 
male  is  rather  less  than  half  the  length  of  the  female,  and  its  tail  is 
provided  with  six  pairs  of  papilla}.  The  head  of  both  sexes  is  similar. 
It  displays  a  remarkable  cuticular  enlargement  and  small  prominent 
lips. 

The  eggs  are  irregularly  oval,  and  measure  ^i^j  (0.05  mm.)  by  y  /oT,- 
(0.02-0.03  mm.)  inch.    The  shell  is  membranous,  and  consists  of  two 


Fig.  84.— Oxyuris  vermicularis. 
n.  Head  ;  6.  Jlale ;  c.  Female ;  t(.  Eggs. 

or  three  laminae.  Its  contents  are  coarsely  granular.  The  eggs  often 
contain  an  embryo  with  an  indistinct  alimentary  canal  and  a  tad  equal 
to  half  the  entire  length.  The  presence  of  the  parasite  is  attended  with 
uncomfortable  sensations,  among  which  itching  in  the  situation  of  the 

anus  is  prominentia^  „    .,   ,  ,  f 

R  Family  Strongylides  {Leuckart).^^^-To  this  family  belongs  one  of 
the  most  important  and  formidable  of  the  parasites  which  infest  the 

human  intestine.    This  is—  ,     ,.     oi.        i  A..r. 

Anchylostoma  duodenale  (Dochmius  duodenahs,  Strongylus  duo- 
denalis).-It  was  formerly  beheved  that  this  worm  occurred  only  in 
the  tropics  and  in  certain  districts  of  Italy.-    Of  late  years,  numerous 
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observations  in  Italy  {Perroncito  and  others  "^),  Germany,  Switzerland 
{Menche  and  others  "-),  and  Belgium  have  made  it  clear,  together  with 
the  older  researclies,"''  that  the  inhabitants  of  temperate  regions  are  not 
free  from  its  attacks."^ 

The  Anchylostoma  is  cylindrical  in  forin.  The  male  measures  8  to 
12  mm.  in  length,  the  female  10  to  18  mm.  The  anterior  extremity 
is  pointed,  and  reflected  towards  the  dorsal  surface.  The  oral  orifice 
is  armed  M'ith  four  claw-like  teeth.  The  caudal  extremity  of  the  male 
expands  into  a  pouch  with  three  flaps ;  that  of  the  female  is  poinled 
and  conical ;  the  vulva  is  situated  behind  the  middle  third  of  the  body. 

The  eggs  are  smooth  and  oval,  measure  0.05  to  0.06  mm.,  and  usually 
contain  two  or  three  large  daughter- cells.    The  embryos  develop  rapidly 


i  a 


a.  Male  (natural  size). 

b.  Female  (n.itural  size). 
C-.  Male  (magnified). 


Fia.  85. — Anchylostoma  duodenale. 


d.  Female  (magnified). 

e.  Head  (eyepiece  II.,  objective  C,  ZeUs). 
/■  Eggs. 


outside  the  human  body.  In  stools  which  contain  eggs,  the  embryo 
may  be  seen  and  observed  after  the  lapse  of  twenty-four  to  forty-eight 
hours. 

Except  when  anthelmintics  have  been  administered,  the  eggs  are  the 
only  signs  of  the  parasite  to  be  found  in  the  discharges,  and  it  is  con- 
sequently of  the  utmost  importance  to  be  familiar  with  their  appearance. 
The  accompanying  figure  shows  this  at  various  stages  of  their  develop- 
ment (fig.  85, /).* 

The  presence  of  Anchylostoma  is  to  be  suspected  in  all  cases  where 
a  severe  form  of  an£emia  occurs  in  labourers  (and  especiaUy  in  brick- 
burners,  miners,  and  tunnel-borers),  without  any  obvious  and  sufficient 

*  [An  instructive  case  of  this  disease  is  reported  in  the  Lancet,  February  i,  1890.] 


cause.  It  is,  however,  necessary  to  bear  in  iniiid  that  Bothriocephalus 
latus  produces  similar  symptoms  (p.  i86).  ]5xamination  of  the  stools 
will  then  afford  the  means  of  diagnosis.  If  the  mtestiues  contain 
jVnchylostoma,  the  characteristic  eggs  with  their  large  blastomeres  will 
be  seen.  If  any  uncertainty  as  to  their  nature  should  persist,  the  fsecal 
substances  containing  them  should  be  allowed  to  remain  for  some  days 
in  a  Avarm  place,  and  again  examined  microscopically.  The  process  of 
segmentation  of  the  egg  will. then  be  seen  to  have  advanced,  and  fully 
developed  embryos  will  be  visible  here  and  there.  The  administration 
of  anthelmintics,  and  especially  of  the  tethereal  extract  of  male-fern, 
will  cause  the  expulsion  of  the  mature  worm,  and  an  inspection  of  the 
resulting  discharges  cannot  fail  to  establish  the  diagnosis. 

The  character  of  the  stools  in  this  affection  varies  greatly.  Diarrlioea 


Fig.  86. — Trichooephalus  dispar. 
(u  Male;  6.  Female;  c.  Eggs;  a,  b.  Slightly  magnified ;  c.  (eye-piece  II.,  objective  8a, 

Jleicherl). 

is  usually  present,  and  blood  is  frequently  passed.  But  it  may  happen 
that  the  discharges  are  altogether  normal.  They  have  been  known  to  con- 
tain great  quantities  of  Char  cot-Ley  den  crystals  {LeicMenstern,  see  a7ite). 
[In  the  report  of  the  Ceylon  Commission,  anchylostomiasis 
was  stated  to  be  a  cause  of  beri-beri.  The  association  is  probably 
accidental  (*So?ismo).]  "'^ 

7.  Family  Triclwtrachelides  {Leuckart)}^^ 

1.  Trichooephalus  dispar  (whip-worm).— This  worm  has  a  wMp-like 
form,  consisting  of  a  short,  stout  hinder-part,  and  a  long,  spii-al,  filiform 
process  anteriorly.  The  male  is  40  mm.,  and  the  female  50  mm.  long. 
The  short  hinder  part  measures  i  mm.  in  thickness  (fig.  86,  a,  h). 


TRICHOCKPHALUS   DISPAR  TRICHINA. 


TliG  eggs,  wliicli  are  occasionally  to  be  foiiiul  in  the  faeces,  are  brown 
in  colour,  0.05-0.06  mm.  long  and  0.02  nun.  broad.  The  shell  consi.st.s 
of  two  layers  and  is  llattened  at  either  end,  where  it  is  furni.shed  with 
a  small  lid,  formed  of  a  glossy  substance.  The  yolk  is  very  granular 
(fig.  86,  c).  According  to  JErni^^^  and  others,  this  parasite,  together 
with  Anchylostoma  and  an  insect-larva,  produces  the  beri-beri  disease 
which  is  endemic  in  Sumatra.  This  view  is,  however,  opposed  by  other 
■writers  (Scheube,  Schejfev). 

2.  Trichina  spiralis. i20_Trichina  occurs,  in  two  different  forms  in 
the  human  body,  according  as'  its  habitat  is  the  muscular  tissue  or  the 


Fici.  87.— Trichiuaj. 

«.  Male,  and  6.  Foa,ale  Intestinal  Trichina.,  slightly  magnifi^         Trichina  of  musele 
(eye-piece  III. ,  objective  IV. ,  Jieichert). 

mtestine.  It  is  with  the  trichina  of  the  intestine  that  we  have  to  do 
here,  smce  this  form  alone  is  found,  though  rarely,  in  the  f^ces.  The 
male  is  1.5  mm  in  length,  and  the  female  3  mm.  The  former  has  four 
prominent  papill.  situated  between  the  conical  protuberances  at  the 
extremity.  The  sexual  organs  of  the  female  consist  of  a  tubular  ovary 
which  IS  p  aced  at  the  hinder  part  of  the  body,  and  a  tubular  uterus 
th  which  the  ovary  communicates  in  front  (fig.  87).  Impregnation 
takes  place  in  the- intestine.  The  eggs  develop  into  embryos  'vhile  still 
vithin  he  uterus,  and  the  newly-born  parasite  almost  immediately  per- 
forates  the  gut,  and  becomes  imbedded,  in  the  muscles  of  its  host. 

N 
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Of  their  mvn  acuord  these  Avorms  rarely  pass  with  the  stools.  But 
in  any  case  where  there  is  reason  to  believe  that  trichinous  meat  has 
been  eaten  and  trichinosis  is  apprehended,  an  antlielmintic  may  be  given, 
and  the  detection  of  intestinal  trichma  in  the  fteces  will  establish  the 
diagnosis  in  a  very  early  stage  of  the  affection. 

d.  Rliahdonema  Strongyloides  {Leiickaii).—Cevta,h\  nematode  worms 
have  been  discovered  in  the  stools  in  cases  of  Cochin-China  diarrhoea 
{Normann,  Bavay,  Seifert)}-^  They  occur  commonly  in  conjunction 
with  Anchylostoma  {Orassi,  Parrona,  Perroncito).^-^  It  was  formerly 
thought  that  there  were  two  distinct  parasites  of  this  kind,  viz.,  Anguil- 
lula  °intestinalis  and  Anguillula  stercoralis ;  but  more  recent  observa- 
tions by  Leuclcart  and  Grassi^-^  have  shown  that  the  latter  is  only  an 


Fici.  88.— Anguillula  stevooralis. 
<i.  Female  ;  h.  Male  ;  c.  Head  (eye-piece  II.,  objective  8a,  ReicUrt). 

intermediate  form  in  the  development  of  A.  intestinalis.  A  complete 
knowledge  of  the  subject,  however,  impHes  an  acquamtance  with  this 
form,  as  it  may  be  confounded  with  other  Helminthidae.  The  liie- 
history,  according  to  Grassi,  is  as  follows  :— 

The  Anc^uillula  which  infests  the  human  intestme  deposits  eggs,  from 
which  the"  young  are  produced  as  embryos  or  larv^.  These  are  dis- 
charoed  with  the  stools.  As  found  there,  they  ah-eady  exhibit  sexual 
mati?rity  (Anguillula  stercoralis)  and  produce  embryos,  which  undergo 
no  further  change  in  the  human  system.  The  body  of  tliis  worm  is 
round,  and  shows  faint  traces  of  transverse  striation.  The  head  is  in 
the  form  of  a  blunted  cone  (fig.  88)  and  sessile  upon  the  body.  It  is 
furnished  with  two  lateral  jaws,  each  bearing  a  pair  of  teeth.     I  he 
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male  is  0.88  rtiid  the  female  1.22  mm.  long.  Anguillulii  iiite.stiiuili.s 
measures  2.25  mm.  in  length  and  0.04  mm.  in  thickness  at  its  middle. 
It  lias  a  triangular  mouth  closed  by  three  small  lips.  The  vulva  lies 
at  the  jnnction  of  the  middle  with  tlie  posterior  tliird.  Its  habitat  is 
tlie  small  intestine.  The  eggs  resemble  those  of  Anchylostoma  duode- 
nale,  but  are  longer,  more  elliptical,  and  pointed  at  the  poles.  In  recent 
stools  the  larvaj  alone  are  to  be  seen.  It  is  doubtful  whether  the  para- 
site is  directly  mischievous  ;  Init  its  constant  association  with  Anchylos- 
toma, and  the  readiness  witli  \\diich  the  two  may  be  confounded,  render 
its  recognition  a  matter  of  consequence. 

3.  Insects. — It  requires  to  be  noticed  that  insect  larvae  infest  the 
stools.  Josejjh.  has  reported  a  number  of  species,  Avhich  are  for  the 
most  part  taken  into  the  intestme  Avith  food  (cheese,  meat),  and  give 
rise  to  a  variety  of  morbid  symptoms,  as  colicky  f)ains,  vomiting,  &c. 
(see  p.  158).  Special  mention  may  be  made  of  the  immature  cheese- 
maggot  (Piophila  casei)  and  Drosophila  nielanogastra,  which  are  derived 
from  curdled  milk,  and  may  attain  the  chrysalis  form  in  the  intestine 
before  they  are  discharged  per  rectun:.  Of  other  species  are  the  larvae 
of  three  varieties  of  Homalomyia,  of  Hydrothsea  meteorica,  Cyrtoneura 
stabulans,  CaUiphora  erythrocephala,  PoUenia  rudis,  Lucilia  cassar  and 
regina,  Sarcophaga  haemorrhoidalis  and  hsematodes,  and  Eristalis  arbus- 
torum,  all  of  which  are  apt  to  occur.  Remhold,  Lampa,  and  Kohii  ^-^ 
have  also  observed  in  the  stools  certain  lancet-shaped  bodies,  8  mm. 
long,  which  are  covered  with  hair  and  indented  on  the  surface,  and 
these  liave  been  identified  by  V.  Graff  as  the  larvae  of  Anthomyife. 
[Finlaijson  records  a  case  in  which  sAvarms  of  larvae  were  passed  alive 
from  the  bowel  of  a  man.  He  identified  the  insect  as  Anthomyia 
canicularis  or  scalaris.] 

4.  CRYSTALS.— Crystalhne  bodies  are  a  common  constituent  of  the 
faeces,  and  in  some  cases  are  to  be  found  in  great  quantities.  They  may 
be  organic  or  inorganic. 

1.  Charcot-Leyden  Crystals. —These  bodies,  of  which  an  adequate 
<lescription  has  already  been  given  in  connection  with  the  Blood  (p.  30) 
and  the  Sputum  (p.  no  and  fig.  62),  are  comparatively  rarely  to  be  seen 
in  the  faeces.  Nothnagel  has  met  with  them  in  typhoid  fever,  and 
Leichtenstern'^^'  in  phthisis  and  anchylostomiasis.  Their  presence,' how- 
ever, lias  no  pathological  significance. 

2.  Hsematoidin  Crystals.— It  is  surprising  that  so  little  attention  has 
been  paid  to  this  subject.  Uffelmaim,^^^  indeed,  remarks  that  crystals 
of  haematoidin  are  sometimes  present  in  the  discharges  of  infants  at 
the  breast ;  but  apart  from  this  notice  the  matter  has  been  passed  by  in 
silence.  The  author  has  found  these  crystals  often  enougli  in  the  fc^ce-s, 
especially  in  chronic  intestinal  catarrh  from  over-eating,  and  in  manv 
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instances  in  which  blut.cl  hud  been  discharged,  into  the  intestine  some 
time  (several  days)  before  the  stools  were  passed.  They  usually  exhibit 
an  ill-marked  crystalline  structure.  Particularly  good  specimens  were 
seen  in  the  stools  of  a  patient  suffering  from  nephritis.  The  crystals 
are  sometimes  free,  and  sometimes  enclosed  in  masses  of  a  sinning 


Fio.  89.-H£ematoidin  Crystals  fro.n  Acl  olie  Stools  (eye-piece  HI.,  objective  8a,  /fe;./,cW). 

substance  which  resembles  mucin  (fig.  89).  Similar  crystals  were  found 
in  the  liquid  motions  of  a  man  who  suffered  from  pernicious  anaemia 

{v.  Jahsch).  .  i- 

3.  Cholesterin.— This  substance  enters  normally  into  the  constitution 

of  the  f^ces,  and  can  always  be  obtained  from  them. 

It  seldom  appears  in  its  crystalline  form  (fig.  125),  according  to  Noth- 
na-el  and  the  statement  is  undoubtedly  correct.  (For  the  microscopical 
and  chemical  character  of  cholesterin,  mde  infra  and  chapters  on  Scutum 
and  Urine.) 

4  Fat  Crystals  —NotJmar/el,  in  his  well-known  monograph,!--'  states 
that  fatty  substances  occur  in  the  fffices  in  the  form  of  needles. 


^^^^^^ 

Fio  CO  -Aeliolic  Stcls  (eyc-picce  III.,  objective  A,  oil  immersion,  Reicho-t : 
Abbe's  min-or,  narrow  diaphragm). 

Gerhardt^''  found  quite  an  enormous  quantity  of  organic  crystals  in  the 
St  ols  of  jaundice  (fig.  90).    He  was  himself  of  oi-ion  that  su^^^^^^^^^ 
consisted  of  tyrosin ;  but  one  of  his  pupils,  named  Oesterletn--  ^ho 
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pursued  the  investigation  farther  under  Q&rhardt's  auspices,  came  to  the 
conclusion  tliat  chemically  they  were  lime  and  magnesia  salts  of  the 
higher  fatty  acids,  and  that,  therefore,  soaps  of  lime  and  magnesia  bases 
form  a  part  of  such  discharges.  According  to  Stadelmann,'^^^  they  are 
sodium  soaps.  The  author,  however,  can  add  his  own  testimony  to 
Gerhardt's  statement,  for  he  has  repeatedly  seen  great  quantities  of 
crystals  arranged  in  clusters  in  acholic  stools ;  and  is  disposed,  on  the 
grounds  of  separate  investigation,  and  especially  of  the  ascertained 
character  of  similar  bodies  occurring  in  other  excretions  (see  chapter  on 
Urine),  to  believe  that  such  crystals  do  not  consist  of  tyrosin,  but  rather 
of  a  combination  of  the  alkaline  earths  Avith  the  higher  fatty  acids. 

Ufelviatm,'^^'^  who  had  already  observed  these  crystals  in  the  discharges 
of  infants,  arrived  independently  at  the  conclusion  that  they  could  not 
consist  of  tyrosin.  According  to  Fr.  Miiller,^^^  their  presence  indicates 
an  impediment  to  the  absorption  of  fat  from  the  intestines. 

In  cases  of  jaundice,  so  frequent  among  children,  such  crystals  are 
profusely  present  in  the  stools,  and  they  are  normally  found  in  those 
of  uifants  during  lactation  (v.  Jalisch). 

5.  Oxalate  and  other  Organic  Salts  of  Lime. — Oxalate  of  lime  is  a 
sufficiently  common  constituent  of  the  faeces,  and  appears  on  micro- 
scopical examination  (see  fig.  112).  According  to  Nothnagel,  it  is  always 
derived  from  the  food.  It  is  most  abundant  after  a  vegetable  diet,  and 
when  manifested  in  considerable  quantity  the  discharges  also  contain 
abundant  del^ris  of  plant-tissues. 

Ufelmann'''''^^  asserts  that  crystals  of  lactate  of  lime  occur  in  the 
discharges  of  children  as  sheaves  of  radiating  needles.  Other  organic 
salts  of  lime,  as  the  acetic  and  butyric  acid  salts,  have  been  observed  in 
the  discharges  of  persons  suffering  from  acute  gastric  and  intestinal 
catarrh  (v.  Jalscli)}'-'''^ 

6.  Carhonate  of  Lime  occurs  rarely  in  the  stools  as  amorphous  par- 
ticles and  dumb-beU  figures  (fig.  124). 

7.  Sulphate  of  Calcium. — Tliis  salt  is  very  seldom  present  in  the 
stools.  It  can  be  ol^tamed,  however,  by  the  action  of  sulphuric  acid 
on  the  faeces,  which  shows  that  other  lime  salts  are  present.  Its  form 
presents  the  same  variety  here  as  in  the  "urine  (fig.  116). 

8.  Phosphate  of  Lime. — This  substance  crystallises  in  stout  or  elon- 
gated wedges,  grouped  together  so  as  to  form  larger  or  smaller  gland- 
like  masses  (fig.  115).  The  presence  of  such  crystals  in  the  f ?Bces  is  without 
pathological  significance. 

Other  salts  of  liiue  are  occasionally  met  with.  Tliey  are  impregnated 
with  bile-colouring  matters,  and  deeply  stained  a  yeUo-w  colour. 

9.  Triple  Phosphate.— The  phosphate  of  ammonia  and  magnesia 
occurs  sometimes  as  M-ell-formed  coffin-lid  crystals  (fig.  66,  /.•),  .some- 


tiiiR'ts  ill  ill-defined  crystalline  musses,  and  v^nj  rarely  in  the  elder-leaf 
arrangement  (fig.  12 1). 

Perfect  crystals  are  most  commonly  to  be  found  in  Huid  moti(jn.s, 
and  in  the  mncus  which  adheres  sometimes  to  the  fseees,  whether  liquid 
or  solid.  Fragments  of  coflin-lid  crystals  alone  may  be  visible,  and 
these  often  exhibit  fissures  and  flaws,  or  there  may  only  be  mere 
splinters  (Nothnagel).  It  is  notable  that  these  crystals  seldom  take 
up  bile  pigment.  By  their  chemical  constitution  they  may  be  readily 
recognised  ;  and  they  dissolve  easily,  as  has  l)een  already  mentioned,  in 

acetic  acid  (p.  113). 

10.  Sulphide  of  Bismuth  Crystals.— When  preparations  of  bismuth 
have  been  taken  mternally,  the  stools  may  be  found  to  contam  crystals 
which  bear  a  remarkable  resemblance  to  those  of  chloride  of  hsematin 


Fic.  91.— Sulphide  of  Blsmntli  Crystals  from  the  Stools  (eye-piece  111.,  objective  8a,  Heichcrt). 

(hsemin).  They  consist  of  sulphide  of  bismuth,  as  may  readily  be  shown 
by  a  comparison  with  the  bodies  formed  when  nitrate  of  bismuth  is 
added  to  ammonium  sulphide. 

III.  CHEMICAL  EXAMINATION  OF  THE  F^CES.— In  striking 
contrast  with  the  valuable  information  to  be  deri^•ed  from  the  naked-eye 
and  microscopic  in^'estigation  of  the  faeces  is  the  very  slight  assistance 
which  the  chemical  examination  of  those  discharges  lends  to  the  purposes 
of  diagnosis. 

A.  Organic  Substances. 

1.  Mucin.— Mucin,  as  Honje-Seyler  i^"  has  said,  may  be  looked  upon 
as  tiie  basis  of  the  feecal  substances,  a  statement  which  can  be  confirmed 
by  the  author.  Fr.  Miiller,  on  the  other  hand,  asserts  that  mucin  is 
not  so  abundantly  present  in  the  stools.    For  the  detection  of  mucin 
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ill  the  stools  the  following  process  may  be  recoinmcndecl : — The  feces 
are  stirred  up  with  water,  their  own  bulk  of  lime-water  added,  and  the 
mixture  allowed  to  stand  for  some  hours.  It  is  then  filtered,  and  the 
filtrate  tested  -with  acetic  acid  for  mucin  (see  chapter  on  Urine). 

2.  Albumin. — The  presence  of  albumin  may  be  shown  as  follows  : — 
The  fseces  are  mixed  with  a  large  quantity  of  water,  to  which  a  trace 
of  acetic  acid  has  been  added,  and  a  watery  extract  is  thus  made.  This 
is  repeatedly  filtered,  and  the  filtrate  may  be  submitted  to  the  tests  for 
albumin  mentioned  in  the  chapter  on  Urine  (q.  v.).  Under  ordinary 
circumstances  no  proteid  reactions  can  be  obtained,  but  albumin  occurs 
in  considerable  quantity  in  the  stools  of  typhoid*and  diarrhoea.  In  one 
instance,  much  serum-albumin  was  found  in  the  discharges  of  a  chlorotic 
woman,  who  passed  pale  stools  almost  devoid  of  bile  ;  and  once  again  in 
the  case  of  a  patient  whose  stools  were  deficient  in  bile,  but  Avho  Avas 
not  jaundiced  (v.  Jaksch). 

3.  Peptone. — For  the  detection  of  peptone,  the  fseces  should  be 
mixed  with  water  so  as  to  form  a  thin  pulpy  fluid,  then  boiled,  and 
filtered  while  still  hot.  The  filtrate  will  be  clear  or  slightly  tinged  with 
red.  When  it  has  cooled,  it  may  be  tested  for  albumin  with  acetic 
acid  and  ferrocyanide  of  potassium.  It  usually  happens  that  the  liquid 
becomes  a  little  turbid  when  the  acetic  acid  is  added  (mucin),  but  the 
turbidity  does  not  extend  on  the  addition  of  ferrocyanide  of  potassium. 
When  this  is  so,  the  mucin  may  be  precipitated  with  acetate  of  lead, 
the  filtrate  tested  in  the  manner  afterwards  to  be  described  (chapter  on 
Urine)  with  phosphotungstic  acid,  and  the  fluid  which  finally  remains 
may  be  submitted  to  the  biuret  test.  Should  it  happen  that  the  fluid 
after  boiling  contains  albumin  as  shown  by  the  acetic  acid  and  ferro- 
cyanide of  potassium  test,  this  substance  must  be  removed  by  combina- 
tion with  ferric  acetate  (see  chapter  on  Urine),  and  the  remainder  of  the 
process  conducted  as  above. 

The  author  has  never  found  peptone  in  healthy  fseces,  liut  has  met 
with  it  repeatetUy  in  disease.  He  has  collected  the  records  of  some  fifty 
or  sixty  cases  bearing  upon  this  matter,  and  the  results  Avhich  were 
obtained  depend  upon  seventy  or  eighty  separate  analyses. 

Out  of  seven  cases  of  typhoid,  peptone  occurred  in  the  liquid  stools 
in  large  quantities  in  five.  Its  presence  remained  doubtful  in  one,  and 
it  was  absent  from  the  discharges  of  the  seventh. 

It  was  present  in  all  cases  where  the  stools  contained  pus,  as  in  dys- 
entery (two  cases),  tubercular  ulceration  of  the  intestine  (three  cases), 
and  suppurative  peritonitis  discharging  pus  into  the  intestine  (one  case). 

In  hepatic  afl"ections,  the  character  of  the  fseces  in  this  respect  was 
very  mconstant.  In  a  series  of  cases  of  catarrhal  jaundice  with  more 
or  less  acholic  stools,  no  iieptone  was  to  lie  found  ;  whilst,  on  the  other 
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hand,  the  thin  noii-iiunilent  ilischarges  from  a  patient  with  syphilitic 
inflammation  of  the  liver  exhibited  it  in  considerable  quantity.  It 
occurred  plentifully  in  certain  cas(!S  of  atrophic  inrrhosis  and  of  car- 
cinoma of  the  liver. 

Acholic  stools  without  jaundice  were  generally  rich  in  pcijjtone,  but 
the  results  of  analysis  in  these  cases  show  much  variety  (u.  supra). 

4.  Upea. — The  presence  of  urea  may  be  best  ascertained  by  the 
method  previously  described  (p.  69).  For  the  estimation  of  metabolism, 
it  is  necessary  to  ascertain  the  total  quantity  of  nitrogenous  substances 
contained  in  the  faces.  To  do  this,  the  stools  should  be  treated  with 
dilute  acid  (to  prevent  the  evaporation  of  ammonia)  and  dried.  The 
usual  method  for  the  analysis  of  organic  compounds  will  then  serve  to 
determine  the  proportion  of  nitrogenous  bodies  present  (see  chapter  on 
Uri7ie). 

5.  Carbohydrates. — Various  carbohydrates  occur  in  the  faeces.  Of 
these  starch  is  the  most  prominent.  It  may  be  recognised  at  any  time 
by  the  aid  of  the  microscope.  Hoppe-Seijler  i^s  asserts  that  grape-sugar 
and  certain  gummy  carbohydrates  may  be  contained  in  the  stools. 

To  ascertain  the  presence  of  these  .substances,  the  faeces  must  be 
boiled  with  Avater,  filtered,  and  the  filtrate  partially  evaporated  on  a 
water-bath.  One  part  of  the  fluid  may  then  be  tested  Avith  Trommer's 
or  the  phenyl-hydrazin  test  for  sugar.  To  another  part  a  little  of  the 
iodo-potassic  iodide  solution  may  be  added,  to  show  the  presence  of 
starch.  The  remainder  of  the  fluid  may  now  be  distilled,  and  the 
residue  extracted  with  alcohol  and  tether  (see  chapter  on  Urine) ;  the 
extract  boiled  with  Avater  and  filtered ;  the  filtrate  partially  evaporated  ; 
treated  Avith  dilute  sulphuric  acid,  and  boiled ;  saturated  Avith  caustic 
soda;  treated  again  Avith  cupric  sulphate,  and  boiled.  The  reduction 
phenomenon  will  show  the  presence  of  dextrin  and  gums  (Hojjpe- 
5e?//er).i39 

The  property  of  benzoyl  chloride  to  form  insoluble  compounds  Avith 
carbohydrates  in  alkaline  solutions  may  also  be  utiHsed  as  a  test. 

6.  Acids. 

(«.)  Bile  Acids.— For  the  detection  of  bile  acids,  the  distillation 
residue  of  the  fteces  may  be  tested  in  the  manner  already  described  in 
connection  Avith  the  blood  (p.  75)-  If  ^'^^^  acids  be  present  in  great 
quantity,  the  application  of  Pettenkofer's  test  directly  to  a  watery 
extract  of  the  f feces  (p.  76)  wiU  suffice  for  their  recognition.  They 
may  also  be  detected  by  the  addition  of  a  watery  solution  of  furfurol 
and  sulphuric  aciil  (p.  76,  and  chapter  on  Urine). 

■  (/3 )  The  Volatile  Fatty  Acids.— To  obtain  these  bodies  from  the 
fteces,  the  following  plan  may  be  adopted  :— Dilute  the  facal  mass  Avith 
Avater  ad.l  phosphoric  acid,  and  distil.    The  distillate  contains  thes." 
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acids  together  M'itli  iiulol,  jilu'iiol,  and  scatol.  If  this  distillate  be 
neutralised  witli  carbonate  of  soda  and  again  distilled,  the  indol,  phenol, 
and  scatol  will  pass  over,  and  the  sodium  salts  of  the  fatty  acids  I'emain 
behind.  Let  these  now  be  evaporated  to  dryness  on  the  Avater-bath, 
the  residue  extracted  with  alcohol,  and  after  the  evaporation  of  tlie 
latter  dissolved  in  water.    The  solution  may  then  be  tested  for  fatty  acids. 

The  separation  of  the  different  fatty  acids  may  be  accomplished  by 
fractional  distillation  when  they  are  present  in  abundance.  Moreover, 
they  may  be  partially  isolated  by  precipitation  of  the  sodium  salts  with 
fether  in  alcoholic  solutions  of  varying  degrees  of  concentration  (?;. 
Jaksch)M^  When  there  is  sufficient  material  at  hand,  it  is  a  good 
plan  to  convert  the  acids  into  their  silver  or  barium  salts,  and  to  effect 
their  separation  on  the  principle  of  their  different  degrees  of  solubility 
in  water. 

The  estimation  of  the  silver,  barium,  or  sodium  constituent  in  the 
corresponding  salts  may  be  effected  in  the  reactions  given  below,  and 
the  proportion  of  the  respective  acids  determined  accordingly.  Of  the 
volatile  fatty  acids,  butyric  and  acetic  acids  are  those  most  readily  to 
be  found  in  the  faeces,  i^i  Formic  aiid  propionic  acids  do  not  appear  to 
have  been  recognised  with  absolute  certainty,  but  Ave  shall  take  account 
of  them  here,  since  it  is  certain,  at  any  rate,  that  they  occur  in  another 
secretion  (urine). 

(a.)  Formic  Acid.— This  is  a  colourless  liquid,  of  a  pungent  pene- 
trating odour,  which  freezes  at  0°  C,  boils  at  100°  C,  and  is  miscible 
Avith  alcohol  and  Avater. 

1.  Free  formic  acid  is  not  precipitated  by  nitrate  of  silver,  l)ut  this 
reagent  Avill  precipitate  the  alkaline  salts  of  the  acid  from  concentrated 
solutions.  The  silver  compound  blackens  quickly  in  the  cold,  and 
AA'hen  heated  reduction  takes  jjlace. 

2.  If  a  solution  of  perchloride  of  iron  be  added  to  a  solution  of  a 
neutral  salt  of  formic  acid,  a  blood-red  colour  appears.  This  hue  disap- 
pears on  boiling,  and  a  rust-coloured  sediment  remains. 

3.  If  formic  acid  or  an  alkaline  salt  of  the  acid  be  heated  with 
mercuric  chloride  to  60°  or  70"  C,  a  precipitate  of  subchloride  of 
mercury  forms.  This  reaction  is  impeded  by  the  presence  of  free 
hydrochloric  acid  or  of  excess  of  an  alkaline  chloride. 

{b.)  Acetic  Acid  is  a  fluid  Avith  an  acrid,  pungent  odour.    Its  boihng- 
pomt  IS  119",  and  it  crystallises  at  0°  C.    Heated  Avith  ferric  chloride 
Its  salts  behave  like  those  of  formic  acid.    Nitrate  of  silver  yields  a 
precipitate  in  neutral  solutions  of  a  salt  of  acetic  acid,  and  this  preci- 
pitate dissolves  in  boiling  Avater  Avithout  being  reduced. 

When  a  salt  of  this  acid  is  heated  with  sulphuric  acid  and  alcohol 
the  characteristic  odour  of  acetic  ttther  is  obtained. 
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(f.)  Propionic  Acid.— This  is  an  oily  Huid.  It  hoils  iit  117"  C.  Tro- 
pionic  salts  exliibit  the  same  reactions  with  nitrate  of  silver  as  those  of 
formic  acid.    With  ferric  chloride  they  do  not  yield  a  red  colour. 

{(1)  Butyric  Acid.— In  the  pure  state  butyric  acid  is  an  oily  fluid, 
with  a  goat-like  odour,  which  boils  at  137°  C.  It  is  miscible  in  all 
proportions  with  alcohol  and  aether.  Its  salts,  when  treated  with 
mineral  acids,  develop  the  characteristic  goaty  smelL  Fen-ic  chloride 
solution  does  not  give  a  red  colour  in  solutions  of  such  salts,  while 
nitrate  of  silver  forms  a  crystalline  sediment  which  is  insoluble  in  cold 
water. 

To  isolate  butTric  acid  from  the  isobutyric  acid  in  the  faeces,  the  portion  which 
distils  at  158°  C"  should  be  treated  with  carbonate  of  guanidin  {Briefjer'  •*),  and 
the  guanidin  salt  obtained  converted  by  heating  into  the  corresponding  guanamin. 
The  base  examined  under  the  microscope  will  then  exhibit  the  characteristic 
pointed  rhomboids  of  the  guauamin  of  isobutyric  acid. 

Valerianic,  caproic,  and  others  of  the  higher  fatty  acids  are  also  present  in  the 
freces.  Wcr/scheidcr^''  asserts  that  oleic,  palmitic,  stearic,  capric,  and  caproic 
acids  occur  in  the  discharges  of  infants. 

7  Phenol.— This  substance  is  always  a  constituent  of  fseces.  When 
the 'fatty  acids  have  been  converted  into  their  sodium  salts  in  the 
process  described  above  for  the  separation  of  the  volatile  fatty  acids, 
phenol  passes  over  in  the  distillate.  To  isolate  it  from  nidol  and 
scatol,  the  distiUate  must  be  rendered  alkaline  with  caustic  potash  and 
again' distilled.  The  phenol  remains  behind,  and  may  be  purified  by 
distillation  with  sulphuric  acid. 

(i.)  If  a  portion  of  the  distillate  now  be  treated  with  a  solution  ot 
ferric  chloride,  a  violet  colour  wiU  show  the  presence  of  phenol. 

(2.)  The  addition  of  bromine-water  to  another  portion  will  cause  the 
deposition  of  a  crystalline  sediment  of  tribroniophenol. 

(3  )  Millon's  reagent  gives  a  red  colour. 

8  Indol  and  Seatol.-Both  these  bodies  occur  in  the  fseces,  the 
latte'r  having  been  detected  there  by  BriegerM'  To  separate  them 
from  the  phenol  present,  the  distillate  in  the  above  process  (see  a»f^, 
Vulatile  fatty  acids)  should  be  treated  with  an  alkali  and  again  distiUecl, 
when  indol  and  scatol  will  pass  over.  Indol  forms  in  smaU  colourless 
scales  like  those  of  benzoic  acid.  It  dissolves  in  boiling  water  and 
very  readily  in  alcohol,  and  is  decomposed  by  strong  alkalies. 

Bcatol  which  also  crystallises  in  colourless  scales,  is  much  less  readily 
soluble  iii  ^vater,  and  possesses  a  disagreeable  pungent  smell.  It  is  not 
decomposed  by  fairly  strong  alkalies. 

To  obtain  either  of  these  bodies  separately,  we  avail  ourselves  of  he 
lesser  solubility  of  scatol  in  water,  or  of  its  property  of  resisting  the 
action  of  alkalies. 
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(i.)  If  nitric  fieid  whicli  contains  nitrous  acid  bu  added  to  a  solution 
of  indol,  a  distinct  red  colour  is  produced,  or  a  red  precipitate  if  the 
solution  be  concentrated. i"*** 

(2.)  Pine-shavings  steeped  in  hydrochloric  acid  are  turned  red  in  an 
alcoholic  solution  of  indol.  The  first  test,  when  applied  to  scatol,  does 
not  produce  a  red  coloration,  but  at  most  a  slight  turbidity.  The  second 
entirely  fails.  Jointly  they  Avill  serve  sufficiently  for  the  discrimination 
of  these  tM'o  substances.'''" 

9.  Cholesterin,  Fats,  and  Non-Volatile  Organic  Acids.— 

Cliolesterin,  as  we  have  seen,  seldom  occurs  as  crystals  in  the  faeces, 
but,  according  to  Hoiipe-Seyler,  is  in  one  form  or  the  other  an  invari- 
able constituent  of  those  discharges.  For  its  detection  chemically,  the 
residue  whicli  remains  when  the  volatile  fatty  acids  and  phenol  group 
have  passed  over  in  the  process  of  distillation  is  to  be  treated  witli 
excess  of  sulphuric  acid,  and  extracted  first  witli  alcohol  and  then  witli 
aether,  (i.)  The  ^ethereal  extract  is  filtered,  the  tether  removed  by 
distillation,  and  the  residue  first  digested  Avith  carbonate  of  soda  on  the 
water-bath,  so  as  to  remove  any  traces  of  the  volatile  fatty  acids  that 
may  have  failed  to  pass  over  with  the  Eether,  evaporated  to  dryness, 
and  again  extracted  with  gether.  (2.)  The  alcoholic  extract  is  also 
filtered,  treated  with  carbonate  of  soda,  the  alcohol  distilled  off,  the 
residue  dissolved  in  water,  and  finally,  as  before,  extracted  with  jether. 
In  the  alkaline  watery  residue  are  contained  the  biliary  acids  (r.  supra), 
oleic,  palmitic,  and  stearic  acids,  which,  according  to  Hoppe,  may  he 
separated  by  converting  them  into  their  barium  salts. 

Cholesterin  and  fat  are  taken  up  by  the  fether.  The  latter  is  evapo- 
rated, the  residue  treated  with  alcohohc  solution  of  caustic  potash,  the 
alcohol  removed  by  evaporation  on  the  water-bath,  1*8  and  the  remain- 
ing fluid  diluted  Avith  Avater  and  extracted  Avitli  tether.  The  fats  remain 
as  soaps  in  the  watery  sohition,  while  the  cholesterin  is  dissoh'ed  bv 
the  aether. 

Cholesterin  may  be  recognised  by  the  foUowing  tests  :— 

(i.)  A  little  concentrated  sulphuric  acid  applied  to  the  crystals  on 
a  slide  will  cause  them  gradually  to  colour  a  reddish-yellow  round  their 
borders,  and  finally  to  grow  smaller  and  disappear. 

(2.)  When  the  crystals  are  dissolved  in  chloroform  and  sulpliuric  acid 
IS  added,  a  blood-red  colour  forms,  presently  changing  to  purple-red. 
The  sulphuric  acid  at  the  same  time  shoAvs  a  strong  green  fluorescence. 

(3-)  A  particle  of  cholesterin  to  Avhich  a  little  nitric  acid  has  been 
added  IS  placed  in  a  small  dish  and  e^iporated  to  dryness  in  the  water- 
bath.  It  leaves  a  yellow  stain,  which  turns  a  yellowish-red  on  the  addi- 
tion of  ammonia  (ScJinhe)^-^^ 

The  soap-solution  obtained  in  the  above  process  is  to  be  rendered 
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acid  witli  dilute  sulpliuric  acid,  and  the  resulting  fatty  acids  removed 
hy  filtration.  If  the  filtrate  be  neutralised  with  ammonia,  evaporated, 
alid  extracted  with  alcohol,  it  will  be  found  to  contain  glycerine.  The 
fatty  acids  may  be  again  dissolved  in  *ther,  repeatedly  saponified,i^« 
collected  and  dried,  and  then  identified,  first  by  ascertaining  their 
melting-points,  and  again  by  converting  them  into  their  banum_  salts, 
and  determining  in  each  case  the  value  of  the  barium  constituent 

Fats,  an.l  especially  neutral  fats  (tri-glyceride),  soaps,  non-volatile 
fatty  acids,  and  cholesterin,  are  present  in  all  feeces.  Acholic  stools 
present  them  in  relatively  large  quantities.  According  to  Muller,  ^ 
cUnical  inferences  can  be  based  on  a  knowledge  of  the  melting  and 
solidifying  points  of  the  fatty  acids.^^^  Both  points  are  higher  in  pro- 
portion to  the  efficiency  of  intestinal  absorption.  When  the  fatty  acids 
of  the  f^ces  contain  a  proportion  with  a  melting-point  so  low  as  50  U., 
this  function  is  probably  impaired.  ,  r 

For  the  Quantitative  estimation  of  fats  in  the  stools  the  methods  of 
Hoppe-SeyUr  and  Bmedild^^  may  be  employed.    That  of  Muller^^^ _  is 
more  expeditious  and  serves  well  for  clinical  purposes.    To  determine 
the  amount  of  fats  formed  with  a  given  diet,  as  milk  or  flesh,  powdered 
animal  charcoal  is  administered  with  the  first  meal,  which  should  be 
taken  on  an  empty  stomach.     The  earliest  resulting  fseces  are  thus 
stained  black.   A  portion  is  dried  at  100°  C,  and  by  extraction  wi  h  ^ther 
in  Soxldet^s  apparatus  the  neutral  fats  and  free  fatty  acids  are  obtained. 
These  are  dissolved  in  warm  alcohol  and  a  little  ^ther,  and  submitted  to 
titration  with  phpnol-phthalein  solution  and  alcoholic  solution  of  caustic 
notash     The  result  of  titration  shows  the  proportion  of  fatty  acids 
present     Another  portion  of  the  dried  faeces  is  extracted  first  with  acid 
alcohol  and  afterwards  Avith  aether  to  determine  the  amount  of  soaps 
contained  in  it.    In  intestinal  disease,  especiaUy  such  as  mvolves  the 
lymphatics,  and  where  the  flow  of  bile  is  suspended  {Muller)     the  f^ces 
contain  gi'eat  quantities  of  fat,  showing  that  absorption  is  impeded. 

10.  Colouring  Matters.  .       f  o 

1  Urobilin— This  is  the  normal  colouring  matter  ot  the  Iffices 
(p.  i64).    It  can  readily  be  obtained  from  the  stools  by  treating  them 

with  acid  alcohol.  .  .  , 

Melm's^^'-^  method  for  the  isolation  of  urobilin  m  faeces  yie  ds 
exceUent  results.  A  watery  extract  of  the  f^Bces  is  made  and  to  tins 
is  added  sulphuric  acid  in  the  proportion  of  2  gnus,  to  the  h  re,  and 
01  d  anuuonium  sulphate.  The  fluid  is  then  filtered,  and  the  pi.- 
ciplte  washed  with  a  warm  saturated  solution  of  ammomum^  sul- 
X  dried  on  a  water-bath,  and  extracted  with  a  boding  alcoholic 
it  'on     ammonia.    Urobilin  may  be  shown  in  the  extract  so  formed 
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by  its  characteristic  spectrum  in  acid  solutions.  This  exhibits  a  avcU- 
defined  absorption-band  between  the  Hues  h  and  F  (Frau^hofer)  of  the 
solar  spectrum  (fig.  130). 

It  should  be  noted  that  urobilin  may  be  present  even  in  acholic  stools. 

2.  Blood  Colouring-Matter. — Pure  blood  occurs  in  the  .stools  only 
after  very  profuse  and  rapid  hEemorrhage  into  the  intestine.  In  all 
other  cases  where  its  constituents  are  found  they  are  greatly  altered. 
Hsematoidin  crystals  are  rarely  seen.  Hfeniatin  is  the  form  in  which 
blood  pigment  occurs  most  commonly.  This  substance  may  best  be 
recognised  by  Teichmaim's  test,  or  with  the  spectroscope  (pp.  61,  66). 

3.  Bile  Pigment. — The  faeces  never  contain  bile  pigment  in  healtli, 
but  it  is  found  abundantly  in  the  discharges  in  cases  of  catarrh  of  the 
small  intestine.  It  may  be  best  detected  by  the  application  of  Gmelm's 
test  (nitric  acid).  On  the  addition  of  a  little  impure  nitric  acid  to  a 
specimen  of  fseces  in  which  bile  pigment  is  present,  the  mass  changes 
colour  quickly,  and  the  separate  drops  of  the  acid  are  surrounded  with 
rings  of  green,  red,  and  violet.  The  appearance  of  a  green  ring  is  verj- 
characteristic  of  bile  pigment,  and  is  due  to  the  formation  of  biliverdin. 
We  have  already  spoken  of  the  other  pigments  which  may  occur  in  tlie 
stools  (see  p.  165). 

11.  Intestinal  Gases. — These  consist  of  hydrogen,  carbonic  acid, 
nitrogen  and  volatile  carburetted  hydrogen  (methan).i^s  It  is  not  yet 
definitely  determined  whether  sulphuretted  hydrogen  is  formed  in  the 
iiitestine  or  not.  Senator  and  Ottavio  Stefano,^^^  however,  maintain  that 
in  certain  morbid  states  this  gas  is  generated  in  such  quantity  as  to 
cause  symptoms  of  poisoning.  The  fact  that  sulphide  of  bismuth  is 
formed  in  the  alimentary  canal  when  nitrate  of  bismuth  has  been  taken 
(w.  JakscJi),  lends  probabiHty  to  the  assumption  that  sulphuretted  hj-dro- 
gen  is  also  produced  there.  According  to  Hammarsten,'^^^ ■  the  latter 
occurs  in  small  quantity  in  normal  fteces. 

12.  Ptomaines.  —  Putrescin  and  cadaverin  are  present  in  the 
stools,  and  may  be  recognised  by  the  methods  already  laid  down. 
Moreover,  the  ptomaines  knoAvn  to  be  produced  by  pure  cultivations  of 
certain  pathogenic  fungi  have  recently  been  obtained  directly  from  the 
faeces,  as  by  Pouchet  in  cases  of  cholera.  Baimann  and  Uih-anshj, 
Stacltliagen  and  Brieger^^^  have  separated  diamines  from  the  stools  of 
patients  with  cystinuria  (see  chapter  on  Urine).  They  believe  that  these 
substances  are  absent  from  normal  fseces.  See  the  methods  described  at 
p.  158. 

13.  Fepments. 

Diastase  and  Invertin  are  generally  present  in  the  stools  of  healthy 
children  {v.  Jakschy^'^    For  the  detection  of  diastase  see  p.  82. 

B.  Inorganic  Substances.— The  consideration  of  such  inorganic 
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substances  as  assume  a  crystalline  form  has  already  engaged  our  atten- 
ti(ni  (i>.-  195)^  Chloride  of  sodium  may  be  detected  in  the  fseces  thus  :— 
An  extract  is  made  with  Avater,  acidulated  with  nitric  acid,  filtered,  and 
the  filtrate  tested  with  nitrate  of  silver.  A  white  precipitate  (chloride  of 
silver),  soluble  in  ammonia,  will  show  the  presence  of  the  sodium  salt.  ^ 

In  Hoppe-Seyler's  method  for  the  quantitative  analysis  of  inorganic 
matter  in  the  stools,  the  substances  which  are  soluble  in  alcohol  are 
.separated  from  those  which  are  soluble  in  dUute  acetic  and  hydro- 
chloric acids  before  tlie  process  of  incineration  is  commenced.  If  this 
is  not  done,  there  is  danger  that  the  nnclein,  which  is  nearly  always 
present  in  fseces,  wiU  be  decomposed,  settuag  free  its  phosphoric  acid, 
which  may  then  either  remain  nncombined  or  displace  other  acids  from 
their  compounds.  The  analysis,  both  quantitative  and  qualitative,  of 
the  incinerated  ash  is  conducted  according  to  methods  which  are  suffi- 
ciently familiar.^'^^ 

IV.  EXAMINATION  OF  THE  MECONIUM.— The  term  "meco- 
niimi"  is  applied  to  the  substance  discharged  from  the  rectum  of  the 
chnd  immediately  after  birth.  It  is  a  thick,  sticky,  viscous  fluid,  of  a 
oTeenish-brown  colour.  When  examined  by  the  microscope,  meconium 
exliibits  some  intestinal  epitheUnm  ceUs,  fatty  particles,  both  fluid  and 
solid,i«c  numerous  cholesterin  crystals,  a  quantity  of  more  or  less  weU- 
form'ed  crystals  of  bilirubin,  and  some  doATOy  hairs.  There  are  imme- 
diately after  birth  no  fungi,  and  (according  to  Escliericli^^')  no  spores. 
After  the  lapse  of  twenty-four  hours,  however,  the  discharges  exhibit  a 
very  different  character.  They  now  contain  abundance  of  micro-organisms, 
and  Escherich  obtained  from  them  by  Koch's  plate-cultivation  methods 
three  distinct  microbes. 

After  the  chUd  has  taken  the  breast,  the  bacteria  of  the  stools, 
according  to  the  same  authority,  are  represented  by  two  species  of  imcro- 
or"-anisms.  The  first  consists  of  thick,  curved,  rod-like  bodies,  measurmg 
1-5  iM  in  length  by  0.3-0.4  in  thiclmess.  The  other  is  a  micro-organism 
which  closely  resembles  the  lactic  acid  bacillus  of  Htippe.^'^^ 

In  addition  to  the  above,  the  meconium  contains  numerous  squamous 
epithelium  cells,  derived  from  the  pharynx  and  oesophagus,  or  from  the 
anal  orifice  {Br/.zozero)}^'^  . 

Zioeifel  and  Hoppe-Seyler,^''  who  have  investigated  the  chemical  con- 
.stitution  of  the  meconium,  f  oimd  it  to  contain  bilii-ubin,  biliverdm,  and 
biliary  acids,  but  no  hydro-bilirubin  (urobilin).  Wegscheider  ^'\  ionnd 
traces  of  peptone,  fats,  and  soaps,  bilirulnn,  and  traces  of  hydro-bihrubm 
in  infantile  stools.  In  a  specimen  which  the  author  exammed,  there 
was  no  serum-albumin,  peptone,  or  sugar.  There  was  abundance  of 
mucin.    Bilirubin  was  the  only  pigment  present. 
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V.  CHARACTER  OF  THE  F^CES  IN  CERTAIN  INTESTINAL 
AFFECTIONS. 

1.  Acute  Intestinal  Catarrh.— In  tliLs  comlitioii  the  quantity  <jf 
the  stools  is  subject  to  great  variety.  They  are  usually  fluid,  thin,  and 
slimy,  yellowish-brown  in  colour,  and  emit  a  most  xuipleasant  smell. 
Their  reaction  is  allvaline,  except  in  the  case  of  acute  enteritis  of  chil- 
dren, when  it  may  be  acid.  Such  stools  usually  contain  great  quantities 
of  mucus,  and  there  are  often  visible  to  the  naked  eye  food  remnants  in 
great  quantity. 

Microscopical  examination  reveals  an  abundance  of  fungi  of  vari- 
ous descriptions,  large  quantities  of  intestiiial  epithelium,  and  isolated 
leucocytes. 

2.  Chronic  Intestinal  Catarrh.  —  In  this  disease  the  stools 

exliibit  no  very  distmctive  characters,  whether  to  the  naked  eye  or 
microscopically. 

Nothnagel  lays  down  the  following  rules  for  the  localisation  of 
chronic  idiopathic  intestinal  catarrh,  according  to  the  character  of  the 
faeces : — 

1.  When  the  large  intestine  is  alone  involved,  a  single  discharge 
takes  place  within  twenty-four  hours.  Diarrhoea,  however,  is  apt  to 
recur  at  certaui  regular  intervals. 

2.  When  the  small  intestine  alone  is  engaged,  the  motions  are  also 
likely  to  be  sluggish. 

3.  When  both  the  large  and  small  intestines  are  the  seat  of  catarrh, 
continuous  diarrhoea  is  apt  to  ensue. 

4.  Solid  or  semi-sohd  stools  containing  hyaline  particles  of  mucus, 
which  can  be  recognised  only  with  the  microscope  (see  p.  166),  and 
devoid  of  mucus  visible  to  the  naked  eye,  point  to  implication  of  the 
upper  part  of  the  large  intestuie. 

5.  The  presence  of  bUe  pigment  iii  the  stools,  as  shown  by  Gmelin's 
test,  invariably  indicates  a  catarrh  of  the  ileum  and  jejimum.  In  such 
cases  also  the  faeces  are  usually  found  to  contain  epithelial  cells  and 
mucus,  deeply  stained  yellow  by  the  bile  colouring  matter. 

In  certain  forms  of  chronic  catarrh,  Avhere  the  large  intestine  is 
especiaUy  involved,  it  sometimes  happens  that  the  bodies  described  at 
p.  165  are  to  be  fouiid  in  the  stools.  Such  an  affection  is  then  called 
enteritis  tubulosa  or  membranacea ;  but  it  is  ju-obable  that  these  mani- 
festations accompany  other  sufficiently  dissimilar  morbid  states.  Our 
present  knowledge  of  the  subject  is  defective. 

3.  Ulcerative  Enteritis.  —  The  diagnosis  of  this  condition  is 
always  attended  with  difficulty.  It  is  usually  (though  not  ahvays) 
accompanied  with  diarrhoea.  In  a  questionable  case,  the  appearance 
<jf  blood  in  tlie  stools  makes  ulceration  probable  ;  but  we  cannot  derive 
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any  conclusive  evidence  from  either  the  physical  or  the  chemical  char- 
acter of  the  faeces  to  establish  the  diagnosis.  A  diligent  exanrinatitjii 
of  the  discharges,  however,  may  in  certain  specific  forms  of  ulceration 
disclose  the  presence  of  the  pathogenic  organisms  to  whose  influence 
the  process  is  known  to  be  due.  Tlie  detection  of  the  tubercle-bacillus 
especially  is  in  this  way  a  fact  of  the  utmost  clinical  significance 
(see  p.  103). 

4.  Typhoid  Fever.  —  This  disease  is  usually  characterised  by 
abundant  foul-smelling  discharges  of  the  colour  of  pea-soup.  They 
contain  large  quantities  of  bile  pigment,  a  fact  which  points  to  a  catarrh 
of  the  small  intestine,  and  to  which  also  Nothnagel  attributes  the 
peculiarly  offensive  character  of  the  smell  emitted. 

The  reaction  of  typhoid  stools  is  in  all  cases  alkaline. 

Microscopical  exammation  shows  numbers  of  bile-stained  epithelial 
cells,  some  leucocytes,  abirndance  of  triple  phosphate  crystals,  and  a 
profusion  of  fungi.  Nothnagel's  Clostridia  are  especially  prominent 
amongst  these.  The  typhoid-bacillus,  of  course,  infests  the  discharges 
of  this  disease ;  but  it  cannot  be  distinguished  from  the  other  micro- 
organisms by  a  simple  microscopical  examination.  This  can  be  done 
only  by  the  bacteriological  methods  indicated  at  p.  178. 

The  stools  of  typhoid  in  its  later  stages  may  be  those  of  intestinal 
ulceration.  Thus,  when  haemorrhage  results  from  the  extension  of 
typhoid  ulcers,  the  feeces  wiU  be  blackened,  and  yield  the  chemical 
reactions  which  denote  the  presence  of  a  derivative  of  blood  pigment 
(haematin). 

5.  Dysentery.— The  discharges  of  dysentery  are  subject  to  a  great 
variety  of  character  ;  but  there  is  one  respect  in  which  they  are  constant, 
for  they  always  contain  abundance  of  mucm,  and  in  the  author's  experi- 
ence also  some  serum-albumin  and  much  peptone. 

Under  the  microscope  there  are  to  be  seen  great  quantities  of 
leucocytes,  intestinal  epithelium,  and  fmigi.  Tolerably  perfect  red 
blood-corpuscles  are  occasionaUy  visible.  The  number  of  these  latter 
varies  withm  broad  Hmits,  but  the  other  microscopical  appearances  are 

■   remarkably  uniform. 

The  cn^osser  properties  of  dysenteric  stools,  on  the  other  hand, 
display  notable  differences.     Founded  upon  these,  Heuhner^''  distni- 

guishes : —  ,     i       11  • 

1  Mucous  and  muco-smguineous  discharge.— A  pale  yeUow,  viscous, 

transparent  substance  tuiged  with  blood,  cohering  in  masses,  with  01 

without  admixture  of  fseces. 

2  Sancndneo-punaent  disclian-ge.-K  reddish  or  yellow  fluid,  contain- 
ing floccvilent  or  solid  particles  as  large  as  a  pea  or  a  bean.  Such  stooh 
may  be  compared  to  raw  minced  meat. 
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3.  Discharge  of  pure  blood. — This  occurs  when  a  vessel  has  been 
opened  by  the  extension  of  a  dysenteric  iilcer. 

4.  Discharge  of  pure  pus. — This  consists  ahnost  exclusively  of  leuco- 
cytes, and  belongs  to  the  later  stages  of  dysentery. 

5.  Gangrenous  stools. — Such  stools  are  brownisli-red  or  brown-black 
in  colour,  from  the  presence  of  altered  pigment.  They  emit  a  putrid 
odour.  They  indicate  extensi\'e  gangrene  of  the  intestinal  mucous 
membrane. 

It  was  in  dysentery  that  the  stools  were  first  noticed  to  contain  those 
nuicous  particles  which  have  been  compared  to  frog-spawn  (see  p.  166), 
and  which  ^sTotlmagel  afterwards  observed  in  other  intestinal  diseases. 
They  have  no  special  clinical  signiiicance  in  tliis  disease. 

On  the  whole,  it  may  be  said  that  the  naked-eye  characters  of  dysen- 
teric stools  are  so  remarkable  that  they  will  ordinarily  suffice  to  establish 
a  diagnosis  without  the  aid  of  the  microscope. 

Amoeba,  which  have  lately  been  found  in  such  stools,  have  been 
credited  witli  a  causal  relation  to  tlie  disease  {Hlava  and  Kartulis).^'^ 
A  similar  importance  is  attached  by  others  to  a  pathogenic  fission-fimgus 
{Klehs,  Chaiitemesse  and  Widal),^'^^  but  with  less  reason. 

6.  Cholera.— During  an  epidemic  of  cholera,  there  is  usually  pre- 
valent a  form  of  diarrhcsa  which  is  distinct  from  that  disease,  and  it  i.s 
of  the  utmost  importance  to  possess  the  means  of  discriminating  between 
the  two.  The  discharges  of  the  less  formidable  complaint  are  not  charac- 
terised by  any  special  changes ;  but,  in  a  doubtful  case,  the  investigation 
ni  the  stools  for  cholera  baciUus  (as  indicated  at  p.  173)  may  be  needed 
to  establish  the  diagnosis. 

In  a  pronounced  case  of  Asiatic  cholera,  on  the  other  hand,  no  kind 
of  ambiguity  can  exist.    The  discharges  are  thin,  and  devoid 'of  smeU 
and  colour.    They  have  been  aptly  termed  "  rice-tmter"  stools.  Micro- 
scopicaUy  they  aboimd  in  leucocytes  and  epithelium,  and  their  specific 
micro-orgamsm,  the  comma-bacillus,  may  be  readily  detected.    It  must 
however,  be  borne  in  mind  that  "  rice-water  "  stools  are  not  by  themselves 
pathognomonic  of  cholera.    They  are  seen  repeatedly  in  heat-apoplexy 
and  arsenical  poisoning;  and  in  such  comiection,  as  well  as  in  cholera 
they  hold  a  profusion  of  intestinal  epithelium.    It  follows  that  the 
diagnosis  of  Asiatic  cholera  AviU  rest  on  an  absolutely  secure  basis  only 
when  the  comma-baciUus  has  been  found,  separated  from  the  stool, 
and  cultivated  by  the  methods  with  which  we  are  already  familiar 
(p.  1 74).    Chemically,  the  discharges  of  cholera  contain  serum-albumin  i'« 
and  much  mucin. 

7.  Hsemorrhag-ic  Stools. -Blood  is  discharged  with  the  stools  in 

cases  of  great  venous  congestion  of  the  intestine,  in  typhoid,  in  tubercular 
and  dysenteric  ulceration  of  the  stomach  or  intestine,  and  in  round 
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ulcer  of  the  stoniacli  or  duodenum.  These  cases  are  always  attended 
with  symptoms  of  severe  intestinal  trouble.  The  blood  is  usually 
profoundly  altered  (p.  205) ;  but  Avhen  the  haemorrhage  has  taken  place 
in  the  lower  part  of  the  alimentary  canal,  as  the  sigmoid  ilexure  or 
rectum,  pure  bright  blood  may  be  passed. 

8.  Acholic  Stools.— The  stools  may  be  deficient  in  bile  in  cases  of 
jaundice  from  obstructi(jn  of  the  biliary  ducts,  or  they  may  be  so  in  the 
absence  of  this  condition. 

They  are  characterised  by  (i)  their  whitish-grey  colour,  (2)  the  abun- 
dance of  fat  which  they  contain,  and  (3)  a  profusion  of  fat  crystals, 
probably  soaps  of  soda,  lime,  and  magnesia  (fig.  90). 

Such  stools  in  comiection  with  jaundice  imply  an  obstruction  to  the 
flow  of  bile  by  blocking  of  the  ducts.    When  they  occur  independently 
of  obstruction,  the  underlying  cause  is  not  yet  sufficiently  imderstood. 
Many  theories  have  been  framed  to  account  for  the  phenomenon  :— (i.) 
It  may  be  either  that  the  bile  pigment  has  undergone  some  change  in 
the  intestine  which  prevents  the  formation  of  its  metabolic  product 
(urobilin) ;  or  (2.)  the  secretion  of  bile  may  be  so  scanty  that  there  is 
not  enough  pigment  for  the  elaboration  of  urobilin ;  or  (3.)  it  is  possible 
in  such  cases  that  the  latter  is  replaced  by  certain  colourless  metabolites 
of  bUirubin  {v.  NencJd's  leucohypobilm).    The  latter  view  is  supported 
by  the  fact  that  considerable  quantities  of  urobilin  may  be  obtained 
from  acholic  stools  by  extraction  with  acid  alcohol  (v.  Jukscli,  Pel, 
Le  Nohel)y^'^    The  stools  may  be  devoid  of  bile  in  cases  of  the  most 
varied  origin— as  in  tuberculosis  of  the  intestine,  chronic  nephritis,  and 
chlorosis— where  no  trace  of  jaundice  is.  present.    They  are  commonly 
so  in  the  fatty  discharges  which  accompany  indigestion  in  children 
{Biederty'^     Bergcjriin  and  Katz'^''^  have  observed  achohc  stools  in 
the  chronic  tubercular  peritonitis  of  chUdren.    In  these  cases,  as  usual, 
the  f«ces  contained  excess  of  fat.    It  follows,  therefore,  that  we  cannot 
infer  the  character  of  the  stools  from  the  presence  or  absence  of  tliis 
symptom.    But  in  aH  cases  where  colourless  stools  concur  with  jaimdice, 
the  cause  is  to  be  found,  as  has  already  been  said,  in  obstruction  of  the 
biliary  passages. 


CHAPTER  VIL 


EXAMINATION  OP  THE  URINE. 


The  urine  is  the  secretion  of  tlie  kidneys.^  *  A  snfficient  and  exhaus- 
tive knowledge  of  the  characters  of  this  secretion  is  a  point  of  the 
utmost  consequence  to  the  physician,  since  the  changes  which  it 
imdergoes  are  the  expression  of  numerous  morbid  processes,  and  their 
intelligent  interpretation  affords  the  surest  aid  to  diagnosis. 

I.  NAKED-EYE  INSPECTION  OF  THE  URINE. 
1.  Quantity.  —  The  quantity  of  urine  secreted  in  health  varies 
witliin  broad  hmits,  and  depends  at  any  time  upon  the  relation  subsist- 
ing between  the  imbibition  and  abstraction  of  fluids  in  the  system.  It 
follows  that  an  error  as  to  excess  or  deficiency  can  be  considered  morbid 
only  when  very  marked.  In  general  terms  it  may  be  said  that  a  healthy 
able-bodied  man  will  pass  1500  to  2000  cc.  of  urine  in  tAventy-four 
hours.  The  rate  of  secretion  varies  at  different  periods  of  the  day.  In 
the  early  hours  of  the  night  the  urine  is  abundant  and  of  relatively 
low  specific  gravity  ;  later  it  is  scantier  and  more  concentrated,  while 
diu'uig  the  waking  hours  it  again  becomes  more  abundant  (Wollheim  de 
Fonseca):^    Secretion  is  diminished  in  sleep  (Glum).^ 

Under  pathological  conditions  the  healthy  standard  may  be  widely 
departed  from  in  either  direction. 

In  order  to  estimate  the  quantity  of  urine  secreted,  that  which  is 
passed  within  twenty-four  hours  should  be  collected ;  and  it  is  weU  to 
date  the  period  from  eight  o'clock  of  one  morning  to  eight  o'clock  of  the 
next.  Wlien  only  half  this  interval  is  taken— and  especiaUy  when  tlie 
estimation  of  urea  is  in  question— it  is  important  that  the  bladder 
should  be  previously  emptied.  Tlie  patient  should  be  admonished  to 
make  water  before  going  to  stool,  and  even  then  a  certain  allowance 
must  be  made  for  urine  passed  in  the  act  of  defc^cation.  Should  tlic 
patient  be  the  subject  of  incontinence,  it  is  very  difficult  to  form  an 

♦  We  shall  confine  ourselves  hereto  a  description  of  the  simpler  processes,  and 
such  as  are  likely  to  be  applied  clinically.  Por  more  exhaustive  information  the 
reader  is  referred  to  the  text-booka  of  urinary  chemistry  (see  references  i  and  4) 
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accurate  estimate  of  the  quantity  of  urine  secreted  ;  and  this  can  be  done 
only  by  passing  the  catheter  as  often  as  possible — hourly,  if  it  may 
l3e — so  as  to  minimise  the  escape  of  fluid.  In  paralysis  of  the  bladder, 
while  sensation  remains  unimpaired,  the  escape  of  urine  may  be  pre- 
vented by  the  use  of  a  permanent  receptacle.  The  urine  saved  should, 
in  any  case,  be  placed  in  a  vessel  of  two  litres  capacity,  and  provided 
with  a  graduated  scale  showing  its  capacity  in  cubic  centimetres.  Its 
quantity  may  be  most  accurately  estimated  by  Aveigliing  it.* 

A  diminution  of  the  quantity  of  the  urine  (oliguria)  occurs  in  febrile 
conditions,  in  disturbances  of  the  circulation  of  all  kinds,  and  especially 
of  the  capillary  circulation,  in  acute,  and  in  some  forms  of  chronic 
nephritis.  The  urine  is  increased  m  quantity  in  diabetes  mellitus, 
diabetes  insipidus,  contracted  kidney,  amyloid  degeneration  of  the 
kidney,  and  usually  in  convalescence  after  acute  diseases.  [To  these 
causes  may  be  added  rare  cerebellar  disease,  hysteria,  and  nervous  con- 
ditions.] Under  the  heading  of  acute  diseases  the  increase  is  most 
pronounced  in  the  non-febrUe  period  of  relapsing  fever,  at  the  termina- 
tion of  an  attack  of  acute  nephritis— whether  cure  be  impending  or  the 
acute  is  passing  into  the  chronic  form  of  the  disease— and  in  the  resto- 
ration of  the  balance  in  the  capillary  circulation,  as  where  compensatory 
changes  take  place  in  heart-disease,  &c.  Finally,  the  renal  secretion 
is  promoted  by  certain  drugs,  as  the  salts  of  acetic  and  salicylic  acid, 
digitalis,  and  calomel 

A  complete  suppression  of  the  urmary  secretion  (anuria)  is  an  accom- 
paniment of  ureemia  and  of  all  diseases  that  are  attended  with  the 
abstraction  of  water  from  the  system :  such  are  severe  acute  ansemia, 
gastric  and  intestinal  catarrh,  cholera,  and  dysentery.  [A  remarkable 
case  5  has  been  recorded  in  which  total  anuria  lasting  for  a  week  was 
attributed  to  the  impaction  of  a  calculus  in  one  iireter,  causing  obstruc- 
tion of  that,  and  suppression  by  reflex  influence  ;  there  were  slight 
symptoms  of  nrajmia  shortly  before  recovery.]  The  transitory  suppres- 
sion of  urine  which  sometimes  occurs  in  healthy  persons  after  profuse 
perspiration,  and  lasts  only  a  few  hours,  is  altogether  physiological.  A 
simple  increase  or  diminution  of  urine  will  not  by  itself  establish  the 
nature  of  a  disease,  but  it  is  always  an  important  factor  in  diagnosis,  and 
we  shall  see  by  and  by  that  the  consideration  of  this  point  wiU  enable 
us  especially  to  discriminate  between  certain  forms  of  kicbiey-aff-ection. 

2  Specific  Gravity  of  the  Urine.-The  density  of  the  unne 
varies  greatly  in  health,  and  is  for  the  most  part  in  inverse  ratio  to  its 
quantity.  If  we  assume  the  latter  to  be  on  an  average  1500-2000  cc 
then  the  sp.  gr.  of  healthy  urine  may  be  stated  at  1.017  to  1.020.  It 
may  be  estimated  most  accurately  by  means  of  the  pycnometer  (see 
*  See  the  text-books  referred  to,  reference  4. 
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text-bouks),  but  for  clinical  and  practical  jiurposes  an  in«trunient  con- 
structec^  on  the  principle  of  the  hydrometer  will  serve  well.  Such 
an  instrument,  when  employed  for  testing  urine,  is  called  a  urino- 
meter.  It  is  well  to  have  two  in  use,  one  for  taking  the  specific  gi'avity 
when  this  lies  between  i. 000-1.025,  other  where  it  is  as  high  as 
1. 025-1. 050. 

A  serviceable  urinometer  should  be  so  made  that  the  degrees  on  the 
index-scale  shall  be  separated  by  a  sufficient  interval,  not  less  than 
I  mm.  ;  and  when  very  accurate  results  are  aimed  at,  it  should  be 
graduated  in  tenths.  Moreover,  it  should  he  furnished  with  a  thermo- 
meter, also  graduated  in  teirths  of  a  degree,  and  recording  temperatures 
between  0°  and  30°  C. 

A  new  urinometer  should  be  tested  in  distilled  water.  If  accurate,  it  will  sink 
to  the  mark  i.ooo,  where  the  scale  is  graduated  so  low  as  this. 

The  specific  gravity  is  tested  in  the  following  manner  : — The  urine 
is  poured  into  a  cylindrical  glass  vessel  of  suitable  width.  Should  froth 
form,  it  must  be  removed  either  Avith  filter-paper  or  by  filling  the  vessel 
to  the  brim,  when  it  may  be  blown  off.  The  urinometer  is  then  placed 
in  the  urine,  and  care  is  taken  that  it  is  not  anywhere  in  contact  with 
the  sides  of  the  vessel.  When  it  is  quite  stationary  in  tlie  liquid,  the 
specific  gravity  is  read  off,  the  observer  bringing  Ms  eye  on  a  level  A\ath 
the  concave  surface  of  the  liquid.  The  mark  on  the  scale  which  corre- 
sponds to  the  lowest  point  of  this  concavity  Avill  indicate  the  specific 
gi'avity  of  the  fluid. 

Greater  accuracy  may  be  attained  by  testing  the  urine  at  some  particular 
temperature,  for  which  the  urinometer  has  been  constructed. 

An  abnormal  specific  gravity  of  the  urine  is  a  fact  of  great  import- 
ance in  disease.  It  affords  an  approximate  estimate  of  the  quantity  of 
solids  excreted  by  tlie  kicbieys,  and  consequently  of  the  energy  of  the 
metabolic  processes  within  the  system.  It  may  be  stated  as  a  general 
rule,  that  when  the  quantity  of  the  mine  is  diminished  in  disease,  its 
specific  gravity  is  raised.  A  considerable  departure  from  this  rule  im- 
plies one  of  two  things Either  tissue-changes  are  notalily  suspended, 
and  their  products,  urea,  uric  acid,  &c.,  formed  in  smaller  quantities ; 
or  these  processes  remaining  active,  such  products  fail  to  be  removed  by 
the  kidneys.  To  the  first  of  these  causes  is  to  be  assigned  that  rapid 
decline  in  the  density  of  the  urine  which  sometimes  precedes  a  fatal 
termination  in  acute  fevers.  Of  still  more  serious  import  is  a  sudden 
fall  in  the  specific  gravity  in  nephritis,  unattended  with  any  alteration 
in  the  quantity  of  urine  passed.  The  phenomenon  in  this  instance- 
points  to  tlie  failure  of  the  diseased  kidneys  to  separate  the  urea  and 
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■salts  elabovatL'd  witliiu  the  system.  The  author  lias  had  many  oppor- 
tunities of  observing  that  such  a  fall  in  the  specific  gravity  is  apt  to 
precede— usually  by  several  days— the  oliguria  and  suppression  Avhich 
herald  an  attack  of  ura3mia ;  and  it  often  affords  a  valuable  ^varnillg  of 
what  is  impending  at  a  tmie  when  all  other  symptoms  are  wanting. 
Moreover,  the  symptoms  of  ur£emia  may  develop  whilst  the  urine 
remains  but  little  diminished  in  quantity,  and  in  such  cases  Ave  shall 
always  find  that  its  specific  gravity  is  greatly  lessened." 

3.  The  ColOUP  of  the  Urine.- The  normal  urinary  pigments 
have  not  yet  been  separated.  C.  Vierordt'  concludes  from  spectroscopic 
appearances  that  they  are  several  in  number.  Up  to  the  present,  on  the 
other  hand,  but  two  chromogens  have  been  determined  in  the  urine, 
viz.,  incUcan  (sulphate  of  indoxyl ;  see  Indicanuria),  and  the  chromogen 
of  urobilin. 

[Four  pigments  are  usually  distinguislied  as  Ixdonging  to  the  m-ine 
{F.  Taylo-i^.  These  are  :— i.  Normal  urobilin.  2.  Febrile  or  patho- 
logical urobilin,  which  is  identical  with  stercobilin  {MacMunn).  3. 
UrohEematoporphyrin,  derived  from  htematin.  4-  Uroerythrin,  which 
is  the  pigment  of  pink  urates. 

The  chromogens  of  the  urine  are  substances  which  develop  a  colour 
on  the  addition  to  the  fluid  of  some  oxidismg  or  other  reagent.  These 
are  likewise  four,  namely  The  chromogens  (i.)  of  mdigo  (mdican) ; 
(2.)  of  pathological  urobilm  ;  (3.)  of  anaemia  ;  (4.)  of  melanin.  MacMunn 
believes  further  that  normal  urobilin,  which  is  the  principal  pigment  of 
healthy  urine,  exists  there  in  part  as  a  chromogen.] 

The  colour  of  healthy  urine  depends  upon  its  degree  of  concentration, 
being  darker  as  this  is  more  pronounced. 

The  same  statement  holds  in  general  for  disease,  but  with  notable 
exceptions;  for  there  are  some  affections  in  which  a  liigh  colour  and 
an  abundant  flow  coincide,  and  others  in  which  the  urine  is  at  once  pale 

and  scanty.  ,     ,  • 

Lr  some  diseases,  and  especially  in  fever,  additional  colouring  matters 

are  secreted.    The  nature  of  some  of  these  is  a  matter  of  speculation 

(uroerythrui,  urochrome). 

At  some  period  in  the  course  of  a  <lisease,  the  urine  may  imdergo 

a  change  of  colour  from  the  admixture  of  blood.    When  the  latter  is 

present  in  small  quantity,  the  secretion  may  be  flesh-water-coloured 

When  blood  is  more  plentifully  eftused,  it  may  be  a  bright  ruby-red 

(see  Hiematnria). 

Bile  pigment  imparts  a  brownish-yellow  or  green  tint.  Its  pivse.u  e 
may  usually  be  detected  by  shaking  up  the  urine,  when  a  ye  low  foam 
will  form  upon  it.  It  must,  however,  be  borne  in  mnu  that  urme 
which  contains  much  uroMin  will  yield  a  similar  foam  {Leo  Lieher- 
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mann^) ;  in  tlie  latter  case  the  secretion  is  always  of  a  dark  brown-red 
(see  Urohilinuria).  An  excess  of  indoxjd  sulphates  will  cause  the  urine 
to  assume  a  dark-broAvn  tint,  and  the  yellow  foam  will  not  form  upon 
it  (sec  IncUcanuria).  The  brown  tint  in  such  cases  is  due,  not  to  the 
indoxyl  salts,  -which  are  colourless,  l)ut  to  some  other  substance  which 
is  present  with  them. 

Certain  drugs,  too,  will  affect  the  colour  of  the  urine.  Rhubarb  and 
semia  cause  it  to  become  brown  or  blood-red ;  a  black  colour  is  deve- 
loped -when  carbolic  acid  is  taken  into  the  system,  especially  if  the  urine 
be  allowed  to  stand  for  some  time,  and  the  same  appearance  folloAvs 
the.  exhibition  of  naphthalin,  hydrochinon,  resorcin,  and  pyrocatechin. 
The  blackening  of  the  urine  by  carbolic  acid  is  ascribed  by  Baumann 
and  Preusse  ^  to  the  formation  of  the  oxidation-products  of  hydrocliiiion. 
The  use  of  quinine,  kairin,  antipyrin,  and  thallin,  and  sometimes  sul- 
phonal,  also  colours  the  urine  more  or  less  deeply. 

It  may  be  stated  in  general  that  the  urine  is  darkly  coloured  in  fevers, 
and  in  congestion  of  the  kidneys  due  to  heart-disease,  emphysema,  &c. 
It  is,  on  the  other  hand,  deficient  in  colouring  matter  in  diabetes  mellitus 
and  insipidus,  chronic  nepluitis,  urina  spastica,  and  aU  kinds  of  anaemia. 
[The  urine  of  pernicious  ansemia,  though  of  low  specific  gravity,  not 
exceeding  10 16  {Hunter),  is  usually  of  very  high  colour  (Fagge,^^  Mott}'^ 
Hunter'^-).  The  urine  of  phthisis  has  a  tendency  to  become  dark  on 
standmg,  and  sometimes  turns  quite  black  {Hale-White)}^'\  In  cancer, 
especially  when  it  implicates  the  intestinal  canal,  the  urine  is  apt  to  be 
dark  and  pigmented.  In  such  cases  an  excess  of  indican  may  generally 
be  determmed.  , 

Vogel  has  endeavoured  to  construct  a  standard  scale  for  the  estima- 
tion of  colour  in  the  urine. 

■  [The  following  table  from  Halliburton  "  shows  the  nature  and  origin 
of  the  chief  variations  in  tint :  — 
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Colour. 

Cause  of  Colour. 

Fataoloificiu  Condition. 

Nearly  colourless. 

Dilution  or  diminution  of 
normal  pigments. 

Various  nervous  conditions, 
hydruria,    diabetes  insi- 
pidus, granular  kidney. 

Dark-yellow  to  brown- 
red. 

Increase  of  normal  or  occur- 
rence of  pathological  pig- 
ments. 

Acute  febrile  diseases. 

Milky. 

Fat  globules. 
Pus  corpuscles. 

Chyluria. 

Purulent  disease  in  urinary 
tract. 

Orange. 

Excreted  drugs,  eg. 

Santonin,  chrysophanic  acid. 

Red  or  reddi-ih. 

Unchanged  haemoglobin. 
Pigments  in  food  (logwood, 
madder,  bilberries,  fuchsin). 

Haemorrhage  or  haemoglobi- 
nuria. 

Brown    to  brown- 
black. 

Haematin. 

Methsemoglobin. 

Melanin. 

Hydrochinon  and  catechol. 

Small  hsemorrhages. 
Methaemoglobinuria. 
Melanotic  sarcoma. 
Carbolic  acid  poisoning. 

Greenish  -  yellow, 
greenish  -  brown, 
approaching  black. 

Bile  pigments, 

Jaundice. 

Dirty  green  or  blue. 

A  dark  blue  scum  on  surface 
with  a  blue  deposit,  due  to 
excess  of  indigo-forming 
substances. 

Cholera,  typhus  ;  seen  espe- 
cially when  the  urine  is 
putrefying.] 

Brown-yellow  to  red- 
brown,  becomes 
blood-red  on  addi- 
tion of  alkalies. 

Substances  introduced  into 
the  organism  with  senna, 
rhubarb,  and  chelidonium. 

4.  The  Reaction  of  the  Urine.— Healthy  Imman  urine  is  ordi- 
narily acid.  The  reaction  is  due  not  to  free  acid,  but  to  the  acid  salts 
(phosphates  and  urates)  which  it  contains. 

It  is,  however,  subject  to  considerable  variations  in  this  respect. 
Quincke  has  determined  that  the  acidity  is  in  general  less  in  the  fore- 
noon than  at  any  other  time,  and  the  urine  of  healthy  persons  may  even 
exhibit  an  alkaline  reaction  then.^^ 

The  reaction  of  the  urine  is  also  modified  by  diet.  It  may  be  alkaline 
after  an  ample  meal,  or  the  ingestion  of  alkalies  and  of  substances  such 
as  the  salts  of  acetic,  tartaric,  and  citric  acids,  which  are  converted  into 
carbonates  in  the  system.  The  administration  of  acids,  on  the  other 
hand,  renders  the  acidity  of  the  urine  more  marked. 

Healthy  urine  when  allowed  to  stand  for  some  time  becomes  [first 
more  acid  from  an  increase  of  acid  phosphates,  as  well  as  lactic  and 
acetic  acids,  and  then]  alkaline  in  consequence  of  the  action  of  a  micro- 
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organism,  the  micrococcus  urete  (see  p.  234),  wliiuli  decomposes  the 
contained  urea  into  carbonate  of  ammonia.  [Tlie  urine  of  plithisis 
remains  acid  for  a  very  long  time,  sometimes  even  for  four  montlis 
{Hale-White)  i".]  It  occasionally  happens  that  the  same  urine  will  turn 
red  litmus  paper  blue,  and  blue  litmus  red,  i.e.,  it  is  amphoteric.  This 
depends  upon  the  presence  in  it  of  acid  or  neutral  phosphates  {Huppert).'^^ 

In  different  morbid  states  the  freshly  passed  urine  may  be  either  alka- 
line or  acid ;  but  its  reaction  in  disease  is  valuable  as  a  symptom  only 
when  the  causes  which  are  known  to  influence  it  in  health  can  be 
excluded.  A  fact  of  the  greatest  consequence  in  this  connection  is  the 
alkixlinity  due  to  ammoniacal  fermentation,  and  this  can  usually  be 
ascertained  directly  by  the  sense  of  smell.  The  urme  is,  as  a  rule,  acid 
in  febrile  conditions,  diabetes,  and  leukaemia;  in  scurvy,  too,  it  is  apt 
to  be  intensely  acid.  On  the  other  hand,  it  is  alkaline  in  simple  and 
pernicious  anaemia  and  chlorosis,  .  According  to  Bence  Jones,  the 
alkalinity  in  tliese  cases  depends  upon  the  deficient  formation  of  acid 
in  the  stomach.  In  chlorosis  the  point  is  of  interest  to  the  physician, 
insomuch  that  whilst  the  reaction  of  the  urine  continues  to  be  alkaline, 
it  may  be  inferred  that  the  morbid  process  on  which  it  de^jends  is  still 
going  on.  Ammoniacal  urine  implies  ammoniacal  fermentation  within 
the  bladder.  This  may  be  due  to  the  use  of  an  unclean  catheter,  and 
commonly  arises  in  the  course  of  cystitis.  [Alkalinity  due  to  the  pre- 
sence of  ammonia  may  be  distinguished  from  that  caused  by  fixed 
alkalies  fi'oni  the  fact  that  litmus  paper  turned  blue  by  it  again  becomes 
red  when  dried  in  a  gentle  heat.] 

The  reaction  of  the  urine  is  best  tested  with  red  and  blue  litmus  paper. 
The  comparative  estimation  of  acidity  may  be  effected  by  Hui^perts 
method. 20  [The  acidity  of  the  urine  during  twenty-four  hours  is  equiva- 
lent to  about  14  grs.  of  carbonate  of  sodium  or  to  30  grs.  of  oxalic  acid 

II.  MICROSCOPICAL    EXAMINATION    OF    THE  URINE.— 

Healthy  urine  is  generally  quite  clear  when  first  passed.  On  standuig,  if 
not  decomposed  by  the  rapid  development  of  fungi,  it  deposits  a  filmy 
cloud.  Microscopically  this  deposit  is  seen  to  consist  of  a  few  crystals 
of  various  kinds,  some  white  blood-corpuscles,  and  epithelial  d6bris.22 
But  the  appearance  of  freshly  passed  urine  may  differ  greatly  from  this, 
even  in  health.  The  concentrated  urine  passed  in  the  morning  some- 
times deposits  an  abundant  sediment  of  urates  altogether  independently 
of  disease. 

The  examination  of  morbid  urine  affords  information  of  the  utmost 
consequence  in  diagnosis.  Such  urine  may  either  be  turbid  when  passed, 
or  it  may  deposit  a  variable  quantity  of  sediment  wlien  allowed  to  stand 
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for  some  time  ;  aiiil  wlioii  tliis  sediment  is  looked  at  tlirouj{li  tlu;  micro- 
scope, it  is  seen  to  hold  certain  snbstances  of  very  variable  character. 
For  convenience  of  description  wo  shall  divide  these  substances  into 
two  classes,  the  Organised  and  the  Unoir/uniKed  urinary  deposits. 

The  microscopical  examination  of  the  m-inary  sediment  may  be  conducted  in 
the  following  manner : — The  urine  is  allowed  to  settle,  the  clear  supernatant 
fluid  poured  off,  and  some  of  the  sediment  placed  in  a  conical  glass,  when  it  is 


Fio.  92.— Steubeck's  Sedimeutator. 

again  allowed  to  stand  for  a  while.  A  little  is  then  removed  witli  a  pipette  and 
placed  on  a  slide  for  examination.  If  the  sediment  should  be  scanty  and  reqmre 
a  long  time— say  twenty-four  hours— to  deposit,  it  should  be  set  apart  in  a  cool 
place  so  as  to  check  the  excessive  development  of  fungi  and  fermentative  pro- 
cesses which  might  alter  the  character  of  the  specimen.  It  is  well  also  to  add 
some  indifferent  antiseptic  substance  to  the  urine,  as  thymol,  hydriodic  acid,  or 
oil  of  turpentine.  An  admirable  admixture  is  that  of  SalkowsJci ;  20  to  30  cc.  of 
a  fluid  containing  5  to  7-5  cc.  of  chloroform  in  a  litre  of  water.  Carbolic  acid 
should  not  be  employed,  because  it  will  cause  a  precipitate  with  any  albumin 
which  may  be  present. 


RED  BLOOD-CORPUSCLES. 


Tlip  process  may  bo  rendered  more  eertiiiu  and  expeditious  by  the  use 
of  Stenheclc's  sedimentator  {v.  Jaksch,  Litten  -■*),  tlie  nature  of  ^A'llicll  is 
explained  by  the  accompanying  figure  (fig.  92).  As  used  by  the  author, 
it  is  fitted  with  a  treadle-wlieel,  and  worked  by  the  foot  instead  of  the 
hand.  It  is  also  protected  by  a  wooden  case,  within  Avhich  the  centri- 
fugal apparatus  is  made  to  rotate.  This  is  a  precaution  against  accidents. 
With  tliis  instrument  a  few  minutes  is  suflicient  to  produce  a  deposit 
even  in  urine  whicli  contains  but  little  sediment,  and  where  it  is  avail- 
able no  other  procedure  is  required.  The  sediment  when  deposited  is 
withdrawn  by  means  of  a  pipette  and  submitted  to  microscopical  exami- 
nation as  already  directed. 

1.  Cellulap  Constituents  (Organised  Sediment)  of  the  Urine. 

1.  Red  Blood-Corpuscles. — Ked  blood-corjjuscles  occur  in  variable 
quantity  as  a  morbid  constituent  of  the  urine.  They  may  be  so  feM' 
in  number  as  not  to  affect  the  colour  of  the  fluid,  and  to  be  discernible 
only  with  the  microscope ;  or  they  may  be  present  in  such  abundance 
as  to  form  a  layer  several  centimetres  dee^D  at  the  bottom  of  the  vessel, 
and  when  intimately  mixed  with  the  urine  impart  to  it  a  deeji  red 
colour. 

The  condition  in  which  they  are  found  is  not  less  liable  to  vary  than 
their  number.  They  may  retain  their  proper  form,  or  tliey  may  appear 
as  pale  yellowish  rings  (phantom  corpuscles  of  Traube).  (See  fig.  96.) 
Important  inferences  as  to  their  origin  are  to  be  drawn  from  the  number 
and  character  of  the  red  blood-cells  in  the  urine.  Such  cells  may  be 
derived  from  the  urethra,  the  bladder,  the  ureters,  the  renal  pelvis,  or 
the  kidneys  themselves. 

When  they  are  intimately  mixed  with  the  urine,  in  such  a  Avay  that, 
though  present  in  large  quantity  and  deeply  tinging  the  fluid,  they  do 
not  form  a  sediment  after  many  hours'  standing,  it  may  be  inferred 
that  the  haemorrhage  took  place  in  the  substance  of  the  kidney  or  in 
the  renal  pelvis  or  ureters.  If,  under  these  circumstances,  they  are 
seen  with  the  microscope  to  be  profoundly  altered,  having  lost  their 
colouring  matter  and  presenting'  the  appearance  of  pale  yellow  rings, 
the  further  conclusion  results  that  the  blood  Avas  effused  in  the  kidney 
itself,  and  the  symptom  points  to  acute  nephritis  or  to  a  fresk  exacerba- 
tion in  the  course  of  chronic  nephritis.  When  the  blood-cells  ajjpear 
as  comparatively  few,  attenuated,  and  washed-out  rings,  they  may  have 
originated  in  congestion  of  the  kidneys  or  in  miliary  tuberculosis  of 
those  organs,  and  the  diagnosis  of  these  conditions  may  be  established 
on  this  ground— in  conjunction,  of  course,  with  other  symptoms. 

It  is  more  difficult  to  decide  from  the  character  of  the  blood  passed 
Avhether  the  lesion  has  taken  place  in  the  renal  pelvis  or  the  ureters. 
To  arrive  at  a  just  conclusion  on  this  point,  a  careful  examination 
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must  be  made  for  the  other  occasional  organic  constituents  of  tlie  urine,  - 
as  epithelium,  casts,  &c.,  and  the  diagnosis  will  rest  in  a  large  measure 
upon  their  character  (see  pp.  221  and  224). 

When  blood  is  present  in  considerable  quantity  without  being  inti- 
mately blended  with  the  fluid,  it  is  derived  in  the  majority  of  cases 
from  the  bladder.  Intermittent  hsematuria,  attended  with  severe  pain, 
is  caused  by  calculi  or  tumours  in  that  organ.  Haemorrhages  into  the 
kidney  occur  in  hfemophilia     and  leukfemia. 

2.  Leucocytes. — The  urine  contains  isolated  leucocytes  in  health.  It 
is  only  when  they  occur  in  greatly  increased  quantity,  or  in  conjunction 
with  other  cellular  elements  of  a  pathological  character  (casts),  that 
their  presence  attains  any  serious  import.  They  are  usually  unaltered 
in  form,  but  sometimes,  and  es])ecially  in  alkaline  urine,  they  swell 
up,  become  glossy  and  homogeneous,  and  their  imclei  disappear,  but 
can  again  be  made  visible  with  acetic  acid.  Occasionally  they  enclose 
much  fatty  matter,  and  this  chiefly  when  they  are  derived,  not  from 
the  urinary  passages  themselves,  but  from  the  bursting  into  them  of  a 
slowly-formed  abscess  of  some  neighbouring  organ,  as  the  rectum  or 
prostate. 

Leucocytes  are  occasionally  seen  to  present  protoplasmic  processes. 
This  happens  when  the  secretion  possesses  a  feebly  alkaline  reaction. 

The  leucocytes  of  the  urine  may  be  derived  from  the  substance  or 
the  pelvis  of  the  kidney,  the  xireters,  the  bladder,  the  urethra,  or,  as 
already  mentioned,  from  the  rupture  of  an  abscess  into  some  part  of  the 
urinary  passages. 

These  bodies  may  form  a  compact  layer  of  sediment  several  centi- 
metres deep  in  purulent  cataush  of  the  bladder,  and  a  similar  deposit  of 
pus  has  been  found  in  the  urine  in  cases  of  acute  infectious  m-etlmtis 
{v.  Jal-scli).  Such  pus  is  thick  and  viscid,  and  the  constituent  leucocytes 
are  usually  much  altered  in  character  {vide  supra). 

Pus  cells  occur  in  the  urine  in  considerable  quantity  in  inflammation 
of  the  ureters  and  in  pyelitis,  but  in  this  connection  they  are  never  so 
abundant  as  in  cystitis,  and  they  are  commonly  deposited  in  the  form 
of  a  flocculent  sediment  of  a  slimy  translucent  appearance,  which,  when 
looked  at  through  the  microj.»ope,  is  seen  to  consist  of  a  more  or  less 
dense  aggregation  of  leucocytes.  The  distinction  as  to  the  nature  of 
the  sediment  is  not,  however,  altogether  characteristic,  nor  is  it  in 
either  case  invariable.  With  this  qualification,  it  may  be  recommended 
as  a  point  worth  attending  to  in  the  differential  diagnosis  of  cystitis  and 
inflammation  of  the  pelvis  and  ureters. 

In  renal  disease  there  are  but  few  leucocytes  to  be  found  in  the 
urinary  sediment,  unless  in  the  rare  cases  where  a  renal  abscess  dis- 
charges directly  into  the  large  tubules  or  the  pelvis  of  the  kidney. 
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Care  must  be  taken  in  the  case  of  women  to  ascertain  Avhether  pus 
found  in  the  urine  may  not  liave  been  derived  from  the  A'ao;inal  secre- 
tion. Li  blennorrhcea  a  considerable  quantitj^  of  [lus  may  find  its  way 
from  this  source  into  the  urine. 

When  pus  in  gi-eat  quantity  aj)pears  suddenly  in  the  urine  (pyuria), 
it  points  to  the  opening  of  an  abscess  into  the  urinary  passages,  but  two 
cases  are  on  record  (r.  Jalcscli)  where  no  such  causes  could  be  assigned, 
and  these  constitute  rare  but  remarkable  exceptions  to  the  jDrinciple  laid 
down.  They  depended,  doubtless,  upon  unusual  conditions  favouring 
diapedesis. 

In  these  two  cases  the  imtients — a  boy  of  six  and  a  girl  of  thirteen  years — both 
suffered  from  pulmonary  phthisis,  and  the  accident  referred  to  occurred  during 
the  last  week  of  life.  The  purulent  sediment  of  the  urine  contained  no  bacilli, 
and  the  post-mortem  failed  to  disclose  any  condition  to  which  the  discharge  might 
be  referred. 

The  fact  is  of  importance,  since  it  shows  that  a  purulent  deposit  may 
appear  in  the  urine  apart  from  the  causes  mentioned  above.  Glaser  -'^ 
has  shown  that  the  urine  of  healthy  persons  may  contain  great  quantities 
of  leucocytes  as  a  result  of  alcoholic  excess. 

Leucocytes  can  generally  be  recognised  by  the  microscope ;  but  should 
any  doubt  arise  as  to  their  nature  in  a  particular  case,  it  may  be  at 
once  resolved  by  the  addition  of  a  little  iodo-potassic-iodide  solution. 
With  this  reagent  the  leucocytes  stain  a  deep  mahogany-brown  (glyco- 
genic reaction),  whilst  the  forms  of  epithelium,  with  which  they  are 
occasionaUy  blended,  and  which  may  be  confounded  with  them,  assume 
a  light  yelloAv  colour. 

A.  Vitcdi  27  recommends  the  f oUowing  test The  suspected  urine,  if 
alkaline,  is  acidulated  with  acetic  acid  and  passed  through  a  thick  filter. 
The  deposit  on  the  filter  is  then  treated  with  a  little  guaiacum  tincturJ 
Avhich  has  been  kept  in  the  dark.  If  pus  be  present,  the  inner  surface 
of  the  filter  takes  a  deep  blue  tint.  Dr.  Frank,  who  has  employed  this 
test  in  the  author's  clinic,  reports  in  very  high  terms  of  its  efficiency 
The  result  is  obtained  even  with  a  small  proportion  of  leucocytes  in 
the  urine. 

3.  EpitheUum.— The  slight  cloud  which  ordinarily  forms  in  healthy 
urine  contams  a  number  of  epithelial  cells.  These  are  for  the  most 
part  of  the  squamous  variety,  but  amongst  them  are  also  some  smaller 
forms,  which  are  derived  chiefly  from  the  mucous  surface  of  the  renal 
pelvis  and  ureters,  and  very  rarely  from  the  substance  of  the  kidneys 

In  addition  to  these,  there  are  to  be  seen  in  every  specimen  of  urine 
a  considerable  number  of  uninuclear  polygonal  cells,  and  similar  round 
cells,  which  are  their  earlier  form.  These  belong  to  the  meatus  and 
prepuce,  and  in  women  to  the  vagina.     Their  presence  in  compara- 
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tively  small  numbers  has  no  special  significance ;  but  when  they  occur 
in  excess,  they  indicate  a  catarrh  or  catarrhal  irritation  of  the  jmrts 
from  which  they  are  derived.  A  form  of  epithelium,  consisting  of 
oblong  cylindrical  cells,  diminishing  in  size  towards  their  attached 
extremity,  and  with  well-defined  borders,  comes  from  the  surface  of 
the  male  urethra  {Bizzozero). 

It  is  very  difficult  to  distinguish  between  the  epithelial  cells  which 
are  derived  respectively  from  the  bladder,  ureters,  and  renal  pelvis. 
Biwozero-^  maintams  that  the  cellular  type  is  the  same  for  all  these 
parts,  and  Eiclihorst    agrees  with  him. 

It  follows  that  a  particular  affection  in  one  of  these  situations  can 
hardly  be  localised  by  the  character  of  the  urinary  epithelium.  The 
cells  in  each  case  have  this  in  common,  that  they  are  smaller  than 
those  already  described.    Those  that  come  from  the  superficial  layers 


Fig.  93.-  Urinary  Epitbelium  (eye-piece  III.,  objective  8a,  Rcichert),  collected  from  tliirty 

different  specimens. 

<(,  a'.  Squamous  epithelium  from  the  urinary 

sediment. 
/(,  b',  b".  Epitlielium  from  tlie  bladder. 


c,  c',  c",  c'".  Epithelium  from  the  kidneys. 
cl,  d'.  Fatty  epithelium  from  the  kidneys. 
e'-h.  Epithelium  from  the  bladder. 


of  the  mucous  membrane  are  polygonal  or  eUiptical  in  shape.  They 
usually  have  a  single  large  nucleus,  and  their  protoplasm  is  apt  to  be 
very  granular.-  The  cells  which  are  derived  from  the  middle  and  deeper 
layers  are  more  oval  in  shape,  often  irregular  and  conical,  and  furnished 
Avith  one  or  two  long  protoplasmic  processes  (fig.  93,  b,  V,  h").  They 
also  have  a  single  nucleus  of  large  size,  and  their  substance  is  clearly 
granular.  Like  Bizzozero  and  Eiclihorst,  v.  JaJcsch  has  been  unable  to 
find  any  morphological  distinction  amongst  these  ceUs,  by  which  their 
origin  in  tjie  bladder,  ureter,  or  pelvis  can  be  known .;  nevertheless,  he 
is  of  opinion  that  certain  inferences  may  be  drawn  from  their  number. 
Given  a  disease  of  one  of  these  parts,  it  may  be  assumed  to  involve  the 
ureter  alone  when  the  epithelial  forms  which  we  have  been  considernig 
are  very  few.  When  in  greater  quantity  and  superimposed  upon  one 
another  like  the  tiles  of  a  roof,  they  probably  come  from  the  pelvis  ; 
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and  ■when  in  very  great  abundance  they  indicate  cystitis.  Tliese  points 
should  not  be  strongly  insisted  upon,  but  taken  in  conjunction  Avitli  other 
symptoms,  they  sliould  carry  some  weiglit  in  a  differential  diagnosis. 

The  general  jDathological  condition  to  which  tlie  presence  of  these 
cells  in  excess  is,  in  any  case,  to  be  ascribed,  is  that  of  irritation  or 
inflammation  of  the  mucous  surface  of  tlie  bladder,  ureter,  or  pelvis  of 
the  kidney.  If  the  reader  will  refer  to  what  has  been  said  of  the 
leucocytes  in  the  urine  in  connection  with  tliese  diseases,  he  will  see 
that  the  character  of  the  sediment  in  the  two  particulars  taken 
together,  and  read  in  conjunction  with  the  clinical  symptoms,  will 
suflSce  very  accurately  to  discriminate  cystitis  froan  inflammation  of 
the  i^elvis  or  m-eter. 

Much  importance  attaches  to  the  appearance  in  the  urinary  sediment 
of  epithelial  cells  derived  from  the  mucous  lining  of  the  tubules  of 
the  Iddney.  Under  normal  conditions  they  are  distinguished  by  their 
smaller  size  from  tlie  forms  just  considered,  or  at  any  rate  from  sucli 
as  belong  to  the  middle  and  deeper  layers  of  the  urinary  mucous  mem- 
brane. They  are  polyhedral  in  shape,  and  finely  granular,  with  com- 
paratively large  oval  nuclei  and  nucleoli.  They  occur  separately  or 
cohering  in  gToups  (fig.  93,  c,  c,  c",  c'"),  and  in  the  latter  case  may 
display  the  cyUndrical  arrangement  (epithelial  casts,  fig.  95).  They 
are  often  to  be  seen,  singly  or  several  together,  on  the  surface  of  the 
casts  to  be  described  later  (fig.  104,  c). 

The  cells  of  kidney  epithelium  exhibit  remarkable  deviations  from 
the  normal  type..  They  are  sometimes  hard,  tough,  and  glossy,  like  the 
obsolete  cells  of  the  intestme  described  by  Nothnagel  (p.  169).  They 
occasionally  contain  fatty  globules  in  greater  or  less  profusion  (fig.  93, 
d,  cV),  and  again  cells  are  seen  overlying  the  surface  of  casts  (fig.  103,  a), 
which  may  conform  in  shape  to  the  type  described  above,  but  consist 
entirely  of  fatty  matter  (see  also  fig.  103,  c). 

In  the  convalescent  stage  of  acute  nephritis  (of  scarlatina  and  ery- 
sipelas), small  round  ceUswith  an  eccentric  restmg  nucleus -are  frequently 
to  be  seen,  and  these  are  doubtless  the  yoimg  kidney-ceUs  formed  in  the 
process  of  repair  Avithin  the  tubules  {v.  Jakscli). 

The  detection  and  the  character  of  the  kidney  epithelium  in  the 
urme  is  a  ponit  of  the  highest  import  in  diagnosis.  Its  presence  is 
ahvays  a  sign  of.  renal  disease,  and  usuaUy  of  inflammation.  In  addi- 
tion to  tins,  and  where  the  coincident  symptoms  indicate  a  -nephritis, 
the  character  of  the  epithelium  will  enable  us  to  form  a  probable 
opimon  as  to  whether  the  inflammatory  process  is  accompanied  with 
degeneration  of  the  kidney  substance.  Thus  where  the  cells  are  found 
loaded  with  fat,  the  autopsy  will  most  likely  disclose  a  fatty  condition 
of  the  renal  tissues  ;  and  the  detection  of  the  obsolete  cells  described 
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above  points  with  sumo  degree  of  certainty  to  an  amyloid  degeneration 
of  the  organ. 

It  is  needless  to  add  that  a  diagnosis  can  never  l)e  based  upon  such 
appearances  alone,  but  must  in  all  cases  be  controlled  by  the  clinical 
symptoms  and  the  other  manifestations  of  the  tirine. 

4.  Casts. — The  subject  of  urinary  casts,  which  will  now  engage  our  at- 
tention, is  one  of  the  highest  interest.    Casts  were  first  seen  in  the  urine 
by  Vigla,  Quevenne,  and  Eayer,^'^  in  France,  and  almost  simultaneously 
in  Germany  by  Simon  and  Nasse.'^'^    Henle'^'^  discovered  them  in  the 
urine  of  a  dropsical  patient,  and  afterwards  in  the  renal  tubules  both  of 
health  and  disease.    Glaser^^'^  working  in  the  author's  clinic,  has  ascer- 
tained that  the  recent  urine  of  healthy  persons,  while  free  from  albumin, 
often  contains  casts,  and  that  a  slight  toxic  influence  (alcohol)  is  often 
sufficient  to  determine  their  presence.    liovida-^*  has  contributed  the 
most  ample  information  concerning  urinary  casts.     These  bodies  are 
subject  to  very  great  variety  as  to  their  number  when  present,  their 
form,  and  the  import  which  attends  their  manifestation.    It  must  be 
premised  that  they  have  been  found  in  urine  which  is  entirely  free  from 
albumin,  and  even  from  every  other  morbid  product.    Thus  Nothnagel  ^5 
has  seen  them  in  the  urine  of  patients  with  jaundice,  which  at  the  same 
time  contained  no  albumin;  Burkart  and  Fisclil^^  likewise  observed 
them,  in  the  absence  of  albimiin,  in  cases  of  severe  inflammatory  affec- 
tions'of  the  stomach  and  intestine.    Hence  it  foUo^vs  that  the  presence 
of  casts  in  the  urine  does  not  by  itself  imply  disease. 

Urinary  casts  may  be  conveniently  divided  into  two  cliief  classes,  viz.. 
Unorganised  and  Organised. 

(a.)  Unorganised  (7fflsfe.-These  are  formed  of  crystals.  They  are 
pathologicaUy  of  little  consequence.-  Those  that  have  been  described 
consisted  of  urates  (fig.  94)  and  haematoidin ;  and  as  yet  they  have  been 
found  only  in  infants,  and  in  cases  of  gout  and  renal  congestion.^  If 
healthy  urine  be  concentrated  in  vacuum  at  a  Ioav  temperature,  3  7°-3_9°  C., 
casts  may  be  observed  which  consist  of  acid  urate  of  soda  {Leubey~ 

Perhaps  we  ought  to  include  under  this  heading  some  of  those  bodies 
which  are  at  present  classed  together  under  the  general  name  of 

"  detritus "  casts.  ,    .  r 

(b.)  Organised  Casts  consist  of  cellular  elements,  or  the  products  oi 

their  transformation. 

They  may  be  subdivided  into  three  groups  :  (i.)  Those  which  consist 
of  cells  (red  blood-corpuscles,  leucocytes,  and  epithehal  cells).  (2.) 
Those  which  consist  of  the  products  of  cellular  change.  (3.)  Those 
so-called  hyaline  casts,  whose  origin  is  still  a  subject  of  dispute,  but 
which  are  sufficiently  distinguished  fr,.m  the  others,  both  clinically  and 
morphologically. 
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(i.)  Tlie  first  group  includes  : — 

(a.)  Casts  formed  of  red  blood-corpuscles  (fig.  96). 
(6.)  Casts  formed  of  leucocytes  (fig.  97). 
(c.)  Epithelial  casts  (figs.  95  a,  b,  and  98  a,  b). 
(d.)  Casts  consisting  of  colonies  of  bacteria. 

(2.)  Under  the  second  group  avc  distinguish  : — 

(a.)  Granular,  (&.)  waxy,  and  (c.)  fatty  casts. 

(3.)  The  group  of  hyaline  casts  may  be  subdivided  according  as  its 
members  are  simply  hyaline,  or,  in  addition,  coated  with  certain  sub- 
stances, amongst  which  kidney  epithelium,  red  and  white  blood-cor- 
puscles, bacteria,  and  various  forms  of  crystals  may  be  enumerated. 

The  cylindroids  of  Tliomas  should  perhaps  be  included  in  this  group. 

The  number  of  casts  occurring  in  a  specimen  of  urine,  and  the  length 
and  breadth  of  each,  is  subject  to  very  great  variety.  The  latter  fact  is 
sufficiently  seen  in  the  accompanying  figui-es. 

I.  Perfectly  formed  cellular  casts  appear  in  the  urine  only  under 
such  circumstances  as  cause  tlie  renal  tubules  to  become  crowded  -with 


Fig.  94.-Cast  of  Urates,  from  a  Case  of  Emphysema  (eye-piece  III.,  objective  8a.  Reiclierl). 

red  or  white  blood-corpuscles,  or  bring  about  a  separation  of  the  renal 
epithelnmi  in  the  entire  circmnference  of  a  tubule.  WTien  this  occurs, 
the  casts  formed  are  forced  onward  by  the  flow  of  the  fluid  secreted 
behind  them,  and  are  ultimately  discharged  from  the  bladder. 

Fig.  98  {a  and  h)  shows  a  rare  specimen  of  casts,  consisting  of  renal 
epithehum  and  leucocytes  from  the  urine  in  a  case  of  nephritis  ivith 
ohguria  and  uraemia. 

The  clinical  significance  of  these  casts  is  very  gi-eat.  They  always 
imply  an  afi-ection  of  the  kichiey,  and  their  presence  alone  suffices  to 
estabhsh  the  existence  of  acute  nephritis,  or  the  supervention  of  a  fresh 
paroxysm  in  that  disease.  When  found  in  small  numbers,  the  kidney 
IS  probably  but  slightly  diseased.  When,  on  the  other  hand,  the  urine 
liolds  abundance  of  these  casts,  the  fact  is  ample  evidence  of  inflamma- 
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tory  changes  in  the  organ.  Kgs.  95,  96,  aiul  97  represent  specimens 
of  cellular  casts  formed  in  diflferent  proportions  of  the  several  cellular 
elements  which  outer  into  the  formation  of  those  bodies. 


z99 


Fig.  95. — Epithelium  cast, 
from  a  case  of  clnonic  neph- 
ritis :  a.  fully  differentiated ; 
6.  in  part  granular  (eye-jiiece 
III.,  objective  8a,  Reichcrl). 


9  ^ 


Fig.  96.— Cast  ot 
shrunken  blood-cor- 
puscles, in  part  me- 
tamorphosed (acute 
nephritl8),(eye-piece 
III,,  objective  8a, 
Reicherl). 


Fig.  97.— Cast 
formed  of  leuco- 
cyteSjfiomacase 
of  acute  neph- 
ritis (eye-piece 
III.,  objective 
8a,  lieichert). 


a  0 

Fio  08 -a.  and  6.  Rare  forms  of  casts  composed  of  leucocytes  and  epithelium  ;  from  a  case  of 
chronic  nephritis  which  began  with  oligm-ia  and  uremic  paroxysms  (eye-piece  III.,  objective 
8a,  Reicherl). 

Casts  are  sometimes  found  which  consist  almost  entirely  of  masses  of 
micrococci,  but  these  have  quite  a  different  significance.  Fig.  107,  (7, 
represents  such  a  one.    Morphologically,  they  bear  a  close  resemblance 


GRANULAR  OASTS.  2  2/ 

to  the  granular  casts  presently  to  be  described,  but  are  distinguished 
from  them  by  their  resistance  to  powerful  reagents,  such  as  caustic 
potash  and  nitric  acid.  They  may  also  be  known  by  their  opacity  and 
tlie  grey  colour  which  they  display,  as  well  as  by  the  remarkable 
uniformity  of  their  substance  {Martini).^^ 

Casts  of  micrococci  in  the  urine  are  a  matter  of  very  graA'e  signifi- 
cance. They  imply,  as  a  rule,  the  existence  of  septic  embolism  of  the 
kidney.  They  may  also  arise  from  the  extension  upwards  of  a  septic 
pyelitis  (pyelo-nephritis). 

The  author  has  seen  a  number  of  casts  formed  of  minute  bacUli  in 
the  urine  of  a  boy  after  a  few  days'  illness  with  acute  nephritis.  Their 
formation  was  transitory.*" 

The  specimen  represented  in  fig.  107,  d,  was  from  fermenting  diabetic  urine, 
and  had  no  connection  with  the  symptoms. 

2.  The  members  of  the  second  group,  as  we  have  seen,  are  granular, 
waxy,  and  fatty  casts. 

(a.)  Granular  Casts  vary  much  in  dimensions.    They  are  most  fre- 


quently seen  in  a  fragmentary  state,  but  are  occasionally  of  perfect 
form.-  Their  borders,  which  are  usually  well  defined,  are  often  sinuous 
in  casts  of  some  lengtli  (fig.  1 01,  a  and  b).  In  the  latter  case,  too,  they 
are  somewhat  concave  at  the  extremities;  but  when  very  short  and 
broken,  they  present  a  zigzag  ending.  Their  constitution  is  very 
variable.  Sometimes  they  consist  of  fine  particles,  which  can  be  dis- 
tinguished only  by  a  high  power  of  the  microscope  (fig.  99,  a),  as  Zeiss' 
objective  F.  In  other  cases .  they  are  coarsely  granular,  and  the 
constituent  particles  can  be  readily  made  out  with  Hartnack  IV.  (fig. 
ipo,  b).  In  colour,  too,  they  manifest  considerable  diff"erences.  They 
may  be  of  all  shades,  from  pale  yellow  to  a  reddish-brown.    They  are 
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occasionally  coated  witli  leucocytes,  fatty  globules,  and  needles  of  fatty 
crystals  (figs,  loi,  h,  and  103,  a,  h).  These  distinctions  of  character  are 
not  knowii  to  correspond  to  special  derangements  of  the  kidney. 

Granular  casts  sometimes  exhibit  a  transition  form  of  epithelium 
(figi  95,  h),  and  it  is  probable  that  they  usually  originate  in  the  de- 
generation of  the  blood  and  epithelial  casts  already  described.  This 
theory  was  first  stated  by  Rindjieisch  and  Langhans.^^ 

The  presence  in  considerable  quantity  of  granular  casts  in  the  urine 
indicates  an  inflammatory  condition  of  the  kidneys.    Tliey  have  been 


Fig.  101.— a.  and  h.  Granular  cast  in  chronio  nephritis  (eye-piece.  I II.,  objective  8a,  Reicliert). 

found  (v.  Jakscli)  as  an  exceptional  constituent  of  the  secretion  in 
cyanotic  induration  of  the  kidney,  and  especially  when  the  latter  con- 
dition was  associated  with  nephritis  (secondary  nephritis).  These  bodies 
may  be  regarded  almost  equally  with  cellular  (epitheUal)  casts  as  a  certam 
indication  of  nephritis. 

(6.)  Waxy  Casts. — These  casts  attain  a  greater  length  than  the  others, 
and  when  comparatively  perfect  they  may  be  seen  to  be  segmented  like 
a  tapeworm.  They  also  occur  in  shorter  fragments  of  relatively  great 
breadth.  Under  the  microscope  they  are  homogeneous  and  refractive, 
and  often  bear  upon  their  surface  fatty  globules,  separately  or  in  con- 
fluent masses,  white  and  red  blood-corpuscles,  fungi,  and  crystals  of 
various  kinds. 
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Their  constitution  has  not  been  definitely  ascertained.  It  would 
appear  to  be  very  complex,  and  that  such  casts  result  alike  from  the 
brealdng  down  of  epithelium  and  from  tlie  exudation  of  occasional 
products  (fibrin,  amyloid  material)  into  the  renal  tubules.  Theii- 
number  also  is  very  inconstant.*^ 

They  are  not  characteristic  of  any  special  disease.  They  are  found 
in  acute  and  chronic  nephritis,  in  contracted  granular  and  in  amyloid 
kidneys.    They  fi-equently  exhibit  the  amyloid  reaction  with  methyl- 


JthclT:r^^r"\  ^"""^  ^'"''^  ■  ^  "^•''tes  ;  6,  w.axy  casts  covered 

Violet  and  iodo-potassic-iodide  solution;  and  this  in  the  absence  of 
amyloid  degeneration  of  the  kidney.  Moreover,  the  reaction  is  not 
obtained  in  some  cases  where  this  condition  exists,  and  consequently 
no  inference  can  be  drawn  from  its  manifestation. 

(c.)  Fatty  Casts.— Fatty  globules  are  foimd  upon  the  surface  of 
granular  casts  (fig.  103,  a) ;  but  they  also  form  by  themselves  short, 
powerfully  refracting  cylinders,  Avhich  often  are  beset  all  over  with 
needles  of  fatty  crystals  (fig.  103,  c,  d). 

These  casts  and  fatty  crystals  were  first  pointed  out  by  Knoll.  They 
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are  most  commonly  associated  with  subacute  and  chronic  inflannuations 
of  the  kidney  of  protracted  course,  with  a  tendency  to  fatty  degenera- 
tion of  the  renal  tissues  {v.  Jalcsch).  Consequently  their  detection 
affects  the  prognosis  unfavourably. 


piece  III.,  objective  F,  Zeiss). 

Post-mortem  examination  has  shown  that  they  form  most  frequently 
in  cases  of  large  white  kidney.  In  some  instances  where  they  were 
present,  however,  the  organ  was  found  to  be  more  or  less  contracted ; 
but  when  this  was  so,  it  was  invariably  far  advanced  m  fatty  degenem- 
tion  The  crystals  which  beset  fatty  casts  are  not  formed  exclusively 
of  fat,  but  probably  to  some  extent  of  lime  and  magnesia  salts  of  the 


$1 


Hviliue  casts  :  a  hyaline  oast ;  b.  liyaliue  cast  coated  witli  leucocytes  ;  c.  hyaline 
^i^o:::^^y^y  epithelium;  from  a  case  of  chronic  hypertrophic  hepatU.s  wUh 
jaundice  (eye-piece  III.,  objective  8a,  Reicherl). 

higher  fatty  acids  and  aUied  compoimds,  for  they  are  iwt  all  soluble  in 
^.ther.    They  have  their  origin  doubtless  in  fatty  degeneration  of  the 

renal  ^P^^^J^'^^^^^^^  easts  are  for  the  most  part  pale  and 

•delicate  bodies,  of  varying  length  and  thickness,  and  more  or  less 


HYALINE  CASTS  CYLINDROIDS. 


231 


iibunclaiit  in  different  specimens.  They  camiot,  as  a  rule,  ha  detected 
mthout  being  previously  stained.  Their  pathological  significance  differs 
gi-e'atly  according  as  they  arc  coated  Avith  certain  substances  or  not. 

In  some  diseases,  whilst  the  urine  contams  no  albumin,  very  pale 
hyaline  casts  are  found  in  small  numbers  in  the  sediment.  Nothnagel  *3 
has  met  with  such  in  albumin-fi-ee  urine  in  cases  of  jaundice,  and 
Henle*^  in  others  where  the  kidneys  were  quite  healthy.  Their  pre- 
sence, therefore,  has  no  necessary  connection  with  renal  disease.  The 
author  has  repeatedly  been  able  to  recognise  hyaline  casts  iu  the  urine 
in  affections  whose  subsequent  course  altogether  excluded  the  possibility 
of  diseased  kidney;  and  Htippert^^  has  shown  that  the  urine  voided 
after  an  epileptic  paroxysm  may  contain  both  albumin  and  hyaline  casts 
in  the  absence  of  any  kind  of  inflammation  in  that  organ.  According 
to  Leuie^^  hyaline  casts  are  seldom  met  with  in  urine  free  from 
albumin.*'  Nothing  more  need  be  said  to  enforce  the  precept  that  the 
existence  of  renal  disease,  or  at  all  events  of  nephritis,  must  not  be 
hastily  concluded  from  the  mere  presence  of  hyaline  casts. 

But  when  these  casts  bear  a  coating  of  other  substances  upon  their 
surface  the  case  is  altogether  different.  In  nephritis  we  sometimes  find 
in  conjunction  with  other  casts  cylinders  of  hyaline  substance  which 
are  covered  with  epithelium  (fig.  104,  c),  mialtered  or  loaded  Avith  fat, 
leucocytes  (fig.  104,  b),  and  red  blood-corpuscles. 

In  severe  cases  of  jaundice  depending  upon  disease  of  the  liver,  as  in  secondary 
carcinoma  of  that  organ  complicated  with  nephritis,  colourless  hyaline  casts 
are  formed  in  the  urine,  and  overlying  their  substance  are  golden-yellow  cells  of 
kidney  epithelium,  which  colour  red,  changing  to  blue  in  presence  of  nitric  acid. 

Urates  are  seen  deposited  upon  such  casts  in  cases  of  congested 
kidney ;  and  other  bodies,  as  oxalate  of  lime  and  bacteria,  may  simi- 
larly occupy  their  surface. 

This  is  perhaps  the  place  Avhere  mention  should  be  made  of  the 
so-called  cylindroids  (fig.  105).  These  are  long,  ribbon-like  bodies, 
resembling  casts,  wliich  were  first  discovered  by  Thomas  in  the  urine 
of  scarlet  fever.  They  occur  also  in  nephritis,  cystitis,  and  renal  con- 
gestion, and  Bizzozero  has  found  them  hi  healthy  nrine.*^  They  are 
not,  therefore,  characteristic  of  kidney-disease.  They  are  observed  most 
commonly  in  the  urine  of  children,  which  may  or  may  not  also  exhibit 
albumin,  in  the  absence  of  other  symptoms.  Pollak  and  Tordk'^  have 
noted  these  occurrmg  together  with  abnormal  excretion  of  urates. 

With  regard  to  tlie  mode  of  origin  of  hyaline  casts  and  cylindroids, 
Rovida'"^  suggests  that  they  are  the  products  of  secretion  by  the  epi- 
thehum  lining  the  lu-mary  tubules,  and  his  view  is  borne  out  by  the 
experiments  of  Pollak  and  Turllk.    In  tliis  way  it  is  possible  to  account 
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for  their  manifestation  in  the  absence  of  severe  renal  aflections.  At  the 
same  time  it  must  be  borne  in  mind  that  the  experiments  which  Ribbert''^ 

made  some  years  ago  upon  animals  point 
to  the  conclusion  that  hyaline  casts  may 
restdt  directly  from  the  exudation  of  albu- 
min within  the  tubules. 

Metliod  of  Examination  for  Casts. — The 
urine  should  be  treated,  when  necessary, 
Avith  antiseptic  agents  {v.  supra).  It 
should  be  covered  and  allowed  to  stand 
for  several  hours,  arid  some  of  the  sedi- 
ment •  which  has  then  fallen  should  be 
removed  with  a  pipette  for  examination 
on  a  slide. 

The  casts  belonging  to  the  first  two 
classes  can  usually  be  recognised  without 
special  preparation.  Simple  hyaline  casts 
may  need  to  be  stained  to  render  them 
visible,  and  this  may  be  done  best  ui  their 
case  by  the  use  of  a  drop  of  dilute  solution 
of  iodine  and  iodide  of  potassium.  Other 
staining  fluids  may  be  used  for  colourmg 
the  different  varieties  of  casts.  These  are 
picro-carmine,  gentian-violet,  eosin,  acid 
hfematoxylin  solution,  safranm,  Bismarck- 
brown,  and  methylene-blue  {Knoll).  It 
should  be  mentioned,  however,  that  the 
staining  properties  of  casts  vary  greatly, 
and  that  some  which  are  morphologically 
similar  will  behave  very  differently  in  solu- 
tions of  the  substances  enumerated  here. 

For  the  investigation  of  these  staining 
properties  the  sediment  should  be  washed 
wdth  the  normal  saline  (75  per  cent.  NaCl) 
solution  {K7iolP%  and  care  should  be  taken  that  the  dyes  employed  are 
sufficiently  diluted. 

Cliemical  Constitution  of  Renal  Casts.— Rovida  is  stiU  the  classical 
authority  upon  this  subject.  •  According  to  him,  the  characteristic  pro- 
perty of  hyaline  casts  is  their  solubility  in  weak  mineral  acids.  This 
property  they  possess  in  common  Avith  cylindroids. 

Waxy  casts  in  their  behaviour  with  chemical  agents  resemble  albu- 
minates, but  they  also  exhibit  reactions  which  sufficiently  distinguish 
them  from  the  latter  substances.    It  would  appear  in  general  that  the 


Fig.  105.— c4.  and  b.  Cylindroids  from 
the  urine  in  congested  kidney  (eye- 
piece II.,  objective  8a,  Reichcrt). 
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substance  of  wliicli  casts  are  formed  is  not  a  proteid,  Ijiit  some  deriva- 
tive of  one.  Ill  tliis  conclusion  Rovida  had  been  long  anticipated  by 
L.  Mayef)'.^^  Knoll  has  also  satisfied  himself  that  the  substance  of 
■which  renal  casts  are  composed  is  not  identical  with  any  of  the  proteids 
with  which  we  are  familiar,  as.  acid  albumin,  albumin,  albuminate, 
albumose,  globulin,  fibrin,  mucin,  or  peptone. 

5.  Spermatozoa. — These  are  pear-shaped  bodies,  about  50  /a  in 
length.  Of  this,  the  head  occupies  4  to  5  /a,  and  the  remainder  is  a 
long  tail  which  tapers  towards  the  extremity  (see  fig.  144). 

Spermatozoa  are  found  in  the  urine  of  men  after  coitus,  involuntary 
emissions,  e.g.,  of  epileptic  paroxysms  {Hiippert'"^),  and  masturbation. 
They  may  also  occur  in  the  iirine  of  women  when  passed  directly  after 
connection  (see  Chapter  IX.). 

6.  Fpag"mentS  of  Tumours. — It  rarely  happens  that  fragments 
of  a  tumour  are  found  in  the  iirine.  The  author  has  never  yet  by 
their  aid  been  able  to  diagnose  a  growtli  in  the  kidney.  On  the  other 
hand,  a  carcinoma  of  the  bladder,  or  a  tumour  of  some  other  organ,  as 
the  vagina  or  rectum,  which  has  burst  into  the  bladder,  may  betray  its 
character  by  imparting  its  constituents  to  the  urine.  Thus  a  pigmented 
tumour  may  be  knoAvn  by  the  detection  of  melanotic  particles  in  the 
sediment ;  but  in  other  cases,  as  where  cancer-cells  are  mixed  up  with 
ordinary  epithelium,  it  is  more  diificult  to  base  a  diagnosis  upon  such 
appearances,  and  this  can  only  be  done  in  conjunction  with  the  other 
symptoms. 

Tumours  of  considerable  size  (polypi,  &c.)  have  been  knoAvn  to  pass 
Avith  the  urine.  An  observation  by  Heitzmann  shoAvs  that  it  is  some- 
times possible  to  diagnose  renal  tumours  by  a  microscopic  examination 
of  the  urine. 

7.  Parasites. 

1.  Fungi. — Adopting  the  same  classification  as  before,  we  shall  divide 
the  fungi  of  the  urine  into  moulds,  yeasts,  and  fission-fungi,  and  we 
shaU  also  consider  them  under  the  two  headings  of  pathogenic  and  non- 
pathogenic organisms. 

(a.)  Non- Pathogenic  Fimgi—Fvesh  healthy  urine  is  free  from  fungi 
{Leube  s")  ■  but  wlien  alloAved  to  stand  for  some  time,  it  becomes  crowded 
with  these  organisms. 

AU  three  classes  of  fungi  may  be  represented  in  the  urine.  It  must 
be  mentioned,  however,  that  where,  ammoniacal  fermentation  is  in 
progress,  as  a  rule  only  fission-fungi,  and  perhaps  a  few  yeasi^cells,  are 
to  be  found.  Moulds  are,  under  normal  circumstances,  a  very  rare 
manifestation  in  decomposing  urine ;  but  in  tliat  of  diabetes,  when  the 
alcoholic  fermentation  of  sugar  has  ceased,  they  make  their  appearance 
in  great  quantities,  floating  in  a  layer  of  upwards  of  a  millimetre  in 
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tliickness  on  the  surface  of  the  fluid,  to  which  they  impart  a  disagree- 
able mouldy  smell.  The  urine  is  at  the  same  time  turbid  with  yeast- 
fungi  and  bacteria,  and  its  appearance  alone  may  be  conclusive  as  to 
the  abundant  excretion  of  sugar. 

The  development  of  yeast-fungi  in  large  numbers  is  a  sure  sign  of 
sugar  in  the  urine,  and  their  detection  will  serve  to  suggest  this  con- 
dition where  it  has  been  previously  overlooked. 

The  microscopical  character  of  fermenting  healthy  urine  is  subject 


Fig.  io6.-JIicrocoocus  Ureaa  from  the  surface  of  a  Normal  Urine  undergoing  Aramoniacal 
Fermentation  (eye-piece  III.,  objective  8a,  lieicherl). 

to  great  variety.  The  transformation  of  urea  into  carbonate  of  ammonia 
is  most  likely  effected  through  the  agency  of  several  forms  of  fimgi 
{Miquel,  V.  Jaksch,  Leube,  Billet,  C.  Fliigge,  v.  Limbeck'^),  but  most 
prominent  are  the  micrococci.  Of  these,  the  Micrococcus  ureiB  (fig.  106) 
may  be  seen  in  almost  pure  cultivations  upon  the  surface  of  the  fluid. 
This  micro-organism  forms  in  long  chain-lilce  series,  and  is  of  com- 
paratively large  size.  In  addition  to  these,  there  are  rod-shaped 
bacteria  of  all  sizes  and  forms,  and  as  occasional  manifestations  certam 
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FIG.  107.- Sediment  from  Fermenting  Diabetic  Urine  with  Casts  of  Micrococci. 

•    o  b,  c,  various  forms  of  urates  ;  d,  micrococci  in  form  of  casts  ;  c,  moulds  ;     ye;^t-fangi ; 
]C/,  bacilli  and  micrococci  (eye-piece  III.,  objective  8a,  Keiciiei-i). 

long  spiral  baciUi  with  large  spores,  and  cocci,  which  gi'oup  themselves 
into  globular  masses  of  dark  colour  and  varying  size  (fig.  107,  g). 
Sarcina  is  also  found  in  the  urine.  It  is  smaller  than  that  which  forms 
in  the  stomach,  being  in  point  of  size  comparable  to  the  sarcma  of  the 

lung  (see  p.  103).  _ 

(b  )  Pathogenic  Fungi.-When  recently-voided  urine  is  found  to  con- 
tain a  profusion  of  fungi,  the  condition  is  in  every  case  serious,  because 
these  fun<^i-cven' though  not  specifically  pathogenic-may  give  rise  to 
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serious  trouble  by  promoting  decomposition  within  the  bladder.  The 
circumstances  ^vhich  influence  the  development  of  non-pathogenic  fungi 
in  fresh  urine  have  been  made  the  subject  of  repeated  investigations 
(Eoheiis,  Scliottelius,  Reinhold).^^  The  matter  is  still  surrounded  with 
a  great  deal  of  uncertainty,  and  it  is  convenient  provisionally  to  dis- 
tinguish the  condition  as  idiopathic  bacteriuria.  According  to  the 
researches  of  Schottelius,  it  is  unattended  with  any  inorbid  symptoms. 
In  the  case  of  a  patient  who  had  suffered  for  a  year  from  gonorrhoea  and 
cystitis,  and  who  said  that  he  had  never  had  a  catheter  passed,  the 
author  found  the  urine  turbid  aud  ammoniacal,  and  i^roliferating  crowds 
of  micrococci  of  every  description.  ■  This  continued  long  after  the  cessa» 
tion  of  symptoms,  and  was  attended  with  pain. 

The  diagnosis  of  idiopathic  bacteriuria  must  be  made  with  great  caution.  The 
author  had  the  opportunity  of  observing  another  case,  apparently  analogous  to 
the  one  described  above.  From  a  communication  recently  made  by  the  patient, 
however,  the  symptom  is  sufficiently  explained  by  the  appearance  in  the  interim 
of  a  prostatic  abscess. 

Bacteriuria  is  very  often  observed  after  the  use  of  unclean  (non-steri- 
lised) catheters.''°  Often  (although  not  always)  cystitis  supervenes  as  a 
result  of  this.  Very  interesting  communications  on  the  subject  of  the 
decomposition  of  urine  by  bacteria  have  been  made  by  Cramer  and 
AlbeHoni.'^^ 

Pathogenic  fungi  occur  in  the  urine  in  connection  with  certain  specific 
diseases,  as  erysipelas,  relapsing  fever,  septic  processes,  typhoid,  and 
tuberculosis,  and  it  is  a  matter  of  great  importance  to  be  able  to  de- 
tect them. 

In  introducing  this  subject  a  few  general  remarks  are  called  for  : — 
In  the  first  place,  there  can  be  no  doubt  that  large  numbers  of  suffi- 
ciently characteristic  micro-organisms  may  be  present  in  the  freshly- 
voided  urine  of  infectious  diseases,  especially  when  it  also  contains 
albumin  and  casts  (Kannenberg,  Litten,  v.  JaJcsch).'^^  In  one  such 
disease,  namely,  erysipelas,  the  author's  experience  has  been  that,  in 
aU  cases  where  the  typical  symptoms  of  acute  nephritis  supervened,  the 
urine  contained  a  profusion  of  fungi  which  were  indistinguishable  in 
their  form  from  the  Streptococcus  pyogenes  or  erysipelatos  {Fehleiseny^ 
The  urine  was  nearly  always  turbid,  and  while  still  quite  fresh  exhibited 
these  bodies  in  moniliform  arrangement.  In  these  cases  it  always 
happened  that  the  bacteriuria  and  nephritis  disappeared  with  the  cessa- 
tion of  the  erysipelas. 

That  it  was  a  true  nephritis  which  terminated  favourably  in  all  these  cases  wtis 
sufficiently  shown  by  the  results  of  microscopical  and  chemical  :examination, 
which  disclosed  the  presence  of  albumin,  blood  casts  (of  Groups  I.  and  II.),  renal 
epithelium,  and  numerous  leucocytes  in  the  urine. 
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It  has  been  ah'eady  mentioned  that  in  septicemic  processes  the  urine 
has  repeatedly  been  seen  to  hold  cylindrical  bodies,  whose  chemical 
properties  sliowed  them  to  consist  of  micrococci  {Martini,  Litten, 
Senetz)S''^  Weicliselbaum  has  found  specific  micrococci  in  the  urine 
in  ulcerative  endocarditis ;  Lustgarten  and  Mannaberg  cocci  in  acute 
nephritis  ;  and  Letzerich  "'^  baciUi  in  the  "  primary  "  nephritis  of  children. 
jyiiTcoU^^  also  determined  the  existence  of  pneumonococci-like  forms  in 
the  urine  of  children  suffermg  from  this  disease.  Further,  Neumann 
has  found  the  typhoid  bacillus  in  the  urine  m  six  out  of  twenty-three 
cases  investigated,  and  Karlinsld  ''^  has  obtained  cidtivations  of  the 
bacillus  from  typhoid  urine  in  the  earliest  period  of  the  disease. 
Philipotoicz  has  recognised  the  tubercle  bacillus  and  the  bacillus  of 
glanders  in  urine. 

The  spirilla  of  relapsing  fever  (p.  44)  occur  very  rarely,  and  only 


Fig.  ioS.— Tubercle  Bacilli  from  Urinary  Sediment  in  a  Case  of  Tuberculosis  of  Urinary  Organs 
(eye-piece  III.,  objective  -rs,  oil  immersion,  Reiclierl), 

when  h£emorrhage  takes  place  in  the  kidney  dining  the  period  of 
exacerbation  ;  but  Kannenherg  asserts  that  various  forms  of  microbes 
are  detached  from  the  kidney  in  very  great  numbers  in  the  exacerba- 
tions of  this  disease. 

The  recognition  of  tubercle-bacillus  in  the  urme  has  of  recent  years 
been  invested  with  great  pathological  interest  (Leuhe,  Rosemtein,  Babes, 
Shingleton  Smith,  Irsai,  Benda,  Kreske).'"^  The  method  of  its  detection 
is  the  same  as  that  already  described  in  connection  with  the  sputum 
(p.  104).  Its  presence  in  general  points  to  tubercular  ulceration  in  some 
part  of  the  urinary  tract,  and  most  unequivocally  when  the  baciUi 
are  found  to  be  arranged  in  S-shaped  aggi-egations  (fig.  108),  or  in 
colonies  of  unmixed  constitution  (pure  cultivations).  It  should  be 
stated,  however,  that  Philipoimcz'^^  has  discovered  isolated  specimens 
of  the  bacillus  in  the  urine  in  miliary  tuberculosis,  where  there  were 
no  tubercidar  ulcers  in  the  genito-urinary  passages.  The  localisation 
of  idcerated  patclies  must  depend  upon  the  other  microscopical  consti- 
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tiients  of  the  urine.  When  these  point  to  an  affection  of  the  kidney, 
we  are  warranted  in  inferring  tuberculosis  of  tliat  or<fan. 


A  form  of  caseation  is  known  to  occur  in  the  kidney  wliich,  in  its  gross  appear- 
ances, closely  resembles  chronic  tuberculosis.  And  in  this  condition  a  careful 
examination,  whctlier  of  the  urine  or  of  the  caseous  masses  removed  from  the 
•organ  after  death,  will  fail  to  reveal  the  specific  bacillus.  It  would  appear,  there- 
fore, that  chronic  non-specific  inflammatory  changes,  such  as  we  are  familiar 
with  in  the  lungs,  may  take  place  also  in  the  kidney,  and  lead  to  destruction  of 
its  tissues. 

AVlien,  in  the  course  of  pulmonary  tuberculosis,  the  urine  is  found  to 
contain  albumin  or  pus,  it  will  suggest  to  the  physician  the  possibility 
of  the  renal  complications  which  are  known  to  attend  the  diathesis  ;  he 
will  dUigently  examine  the  urine  for  the  tubercle-bacillus,  when  the 
symptoms,  after  microscopical,  chemical,  and  cHnical  investigation,  do 
not  find  their  explanation  in  the  assumption  of  amyloid  degeneration  of 
the  kidneys,  of  chronic  nephritis,  or  cystitis. 

Actinomyces  may  also  appear  in  the  urine  in  cases  where  the  genito- 
urinary tract  is  infested  with  it,  or  when  it  has  discharged  thereby 
from  other  parts.'''" 

In  searcliing  for  pathogenic  fungi,  it  is  essential  that  the  parts  about 
the  meatus  be  carefully  cleansed,  and  the  urine  passed  into  a  thoroughly 
disinfected  vessel  It  should  then  be  allowed  to  settle,  and  cover- 
glass  preparations  made  from  the  sediment  in  the  usual  manner.  In 
some  cases  it  wiU  be  necessary  to  resort  to  Koch's  method  of  plate- 
cultivation  to  obtain  the  various  micro-organisms  in  an  unmixed  con- 
dition. Finally,  the  inoculation  of  animals  waU  resolve  doubt  as  to  the 
character  of  the  specific  organisms  obtained. 

2.  Infusoria.— The  author  has  frequently  observed  infusoria  in  the 
urine,  but  never  when  it  was  fresh.  They  made  their  appearance  in  all 
cases  when  it  had  been  allowed  to  stand  for  some  time,  and  the  fluid 
containing  them  was  generally  feebly  alkaline.  Amongst  these  organ- 
isms were  bodies  which  were  similar  to  the  cercomonad  already  described 
m  the  chapter  on  Fmces.  Hassall "  has  given  to  one  of  the  infusoria  of 
the  urine  the  name  of  Bodo  urinarius. 

The  presence  of  infusoria  has  no  pathological  significance,  ^afe^s 
observed  a  great  quantity  .of  Amoeba  in  the  turbid  urine  of  a  -irl 
twenty-three  years  of  age  who  was  afi^ected  with  phthisis.  These 
were  of  larger  size  than  the  forms  already  described  as  occurring  in 
the  stools. 

3.  Vermes. 

1.  Distoma  Hsematobium.-The  eggs  of  this  parasite  are  often  found 
both  in  the  urinary  passages  and  in  the  urine  of  inhabitants  of  the 
tropics  (see  p.  187).    In  sucli  cases  the  latter  furnishes  other  evidence 
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of  the  parasite,  as  blood,  and  frequently  abundance  of  fat.  The  con- 
dition is  attended  with  severe  burning  pains  in  micturition."''  These 
are  momentary,  and  are  caused  by  the  passage  of  the  eggs  (see  p.  58) 
along  the  urethra,  which  they  irritate  with  their  sharp  angles.  With 
the  last  drops  of  urine  a  blood-clot  is  often  passed.  The  fluid  is  usually 
clear,  and  contains  blood-cells  and  pus,  amongst  which  the  eggs  repre- 
sented in  fig.  109  are  to  be  sought. 


Fig.  109.— Distoma  HsematoTjium  in  Sediment  (eye-piece  II.,  objective  C,  Zeiss). 

2.  Filaria  Sanguinis  Hominis.— Lewis  has  detected  filaria  in  the 
urine  in  some  cases  in  which  the  blood  was  much  infested  by  it  (fig.  36), 
and  its  appearance  was  generally  accompanied  with  blood  and  pus.  It 
is  most  likely  this  worm  which  causes  the  tropical  hsematuria  of  which 
Wuclierer  first  sent  an  account  from  Brazil. 

3.  Echinococci.— The  booklets  and  fragments  of  the  cysts  of  echmo- 
coccus  occur  as  a  very  rare  manifestation  in  the  urine  (IfosZej-).so 
such  cases,- the  cysts  may  have  formed  originally  in  the  urinary  pas- 
sages—and this  is  very  exceptional- or  they  may  have  found  their- way 
into:them  by  rupture  from  a  neighbouring  organ.  When  the  booklets 
and  characteristic  membrane  (fig.  61)  are  present,  the  sediment  is  likely 
also  to  contain  red  blood-corpuscles,  numerous  leucocytes,  and  a  quantity 
of  ceUular  debris  from  that  part  of  the  urinary  apparatus  which  has  been 
injured  by  the  separation  of  the  cyst. 

4.  Eustrongylus  Gigas.— This  parasite  has  been  said  to  exist  in  the 
irrine,  but  the  researches  of  Leuclcart^^  have  thrown  doubt  upon  the 
matter.    At  all  events,  it  must  be  very' raie. 

5.  Ascarides.— In  exceptional  instances  ascarides  make  then-  way 
from  the  intestine  into  the  urinary  passages.  Their  presence  in  the 
urine  is  usually  brought  about  by  an  abnormal  communication  between 
the  latter  and  the  ahmentary  canal.  Scheiber^^'  has  recently  found  in 
the  urine  of  a  woman  worms  which  he  thought  had. been  derived  from 
the  genital  organs,  and  he  has  named  them  Ehabditis  genitalis.  Sumlar 
observations  have  been  reported  by  E.  Pdper,  Weslphcd,  ai^dBag>nsky.^- 
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II.  CRYSTALLINE  AND  AMORPHOUS  DEPOSIT  (UNORGANISED 
SEDIMENT). — It  will  he  convenient  in  treating  of  the. inorganic  deposit 
of  the  urine  to  consider,  in  conjunction  with  the  microscopical  appearance 
of  its  constituents,  some  of  the  more  characteristic  of  their  chemical  and 
liistochcmical  properties. 

The  colom-  of  the  sediment  and  the  reaction  of  the  urine  wiU  often 
afford  some  indication  of  the  nature  of  the  deposit.  Thus,  if  sedi- 
ment of  a  deep  red  colour  forms  when  the  urine  has  stood  for  a  short 
time,  it  consists  mainly  of  urates.  The  colour  is  then  due  to  the  pre- 
sence of  urinary  pigments,  carried  down  by  the  deposit,  uric  acid  and 
its  salts  being  themselves  colourless.  If  the  deposit  redissolves  on  the 
application  of  heat  loithout  the  addition  of  acid,  it  is  a  further  proof  that 
it  is  composed  of  iu:ates. 

If,  on  the  other  hand,  the  lu'ine  is  allialine,  and  deposits  a  white 
floccident  sediment,  the  latter  probably  either  consists  of  pus  or  contains 
a  large  proportion  of  phosphates,  carbonates,  and  alkaline  urates.  Such 
a  sediment  is  insoluhle  by  heating,  but  readily  so  in  presence  of  acid 
(acetic  acid). 

A  third  kind  of  sediment,  of  a  mixed  character,  may  be  distinguished. 
This  consists  of  urates  and  phosphates,  and  it  forms  in  urine  which 
was  acid  when  passed,  but  which  has  become  gradually  alkaline  from 
the  supervention  of  ammoniacal  fermentation. 

An  abundant  sediinent  of  urates  belongs  to  the  urine  of  fever  and 
renal  congestion,  and  occurs  also  in  healthy  individuals  after  excessive 
perspiration  Avithout  partaking  freely  of  Avater  (see  p.  212).  It  is 
thought  by  Mygge  ^  that  the  presence  of  such  sediment,  when  it  con- 
sists of  uric  acid,  has  a  certain  clinical  significance,  inasmuch  as  it  is 
generally  found  in  cases  of  rheumatism  or  renal  disease. 

Phosphatic  sediment  is  apt  to  form  in  all  conditions  where  the  urine 
possesses  an  alkaline  reaction  when  passed.  It  does  not,  however, 
always  indicate  disease,  because  it  may  be  induced  by  the  drinking  of 
aerated  water  and  by  other  means.  Amongst  pathological  conditions 
dyspepsia  often  occasions  the  deposit  of  pliosphates,  and  in  general 
it  may  be  said  that  phosphatic  sediment  is  associated  with  chronic,  as 
distinguished  from  acute,  affections. 

The  characters  above  referred  to  will  serve  to  indicate  which  class 
of  salts  preponderate  in  the  urine.  A  more-accurate  estimation  of  its 
inorganic  constituents  can  be  formed  only  ivom  a  microscopical  and 
histochemical  investigation' of  the  sediment. 

Such  constituents  may  be  crystalline  or  amoiyhous.  Their  nature 
wiU  further  differ  according  as  the  precipitate  is  an  acid  or  an  alka- 
line urine.  We  shall,  therefore,  consider  the  scdinients  of  acid  and  of 
alkaline  urine  separately. 
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A.  Sediments  of  Acid  Urine. 
(a.)  Crystalline  Deposits. 

1.  Uric  Acid. — Uric  acid  occurs  in  crystals,  which  are  deeply  stained 
a  Ijrownisli-yeUow  [or  red]  colour,  and  differ  much  as  to  their  form  and 
size.  [The  colour  is  due  to  uroerytlu-in,  which  has  a  great  affinity  for 
the  crystals.]   They  are  sometimes  large  and  thick,  in  shape  like  a  Avhet- 


FiG.  no.— Pointed  Crystals  of  Uric  Acid  Fig.  in.  —  Uric  Acid  Crystals  from  the 

from  the  Simple  Urine  in  Congestion  from         Urine  in  Congestion  of  Heart-Disease  (eye- 
Emphysema  (eye-piece  III.,   objeetive  8a,         piece  III.,  objective  8a,  Reichert). 
Rnchert). 

stone  (figs.  107,  a,  and  110),  and  then  commonly  exhibit  a  dark  nucleated 
centre;  sometimes  they  are  longitudinally  striated  spicules  (fig.  11 1), 
and  sometimes  again  rhombic  tables  (figs.  107,  &,  and  110)  with  rounded 
angles.  They  may  appear  separately  or  in  masses.  Their  shape  and 
size  vary  greatly,  their  most  characteristic  property  being  their  colom', 
and  through  it  alone  they  may  be  readily  recognised.  They  may  be  seen 
under  the  microscope  to  dissolve  in  caustic  potash,  and  can  again  be 


Fig.  112.  -Oxalate  of  Lime  from  Sediment  in  a  Case  of  Cystitis  and  Pyelonophi-itis 
(eye-piece  III.,  objective  8a,  Reichert). 

made  to  crystallise  in  the  rhombic  form  by  neutralisation  with  hydro- 
chloric acid.  The  murexide  test  (see  p.  71)  may  be  employed  in  appro- 
priate cases  for  their  detection. 

2.  Oxalate  of  Lime.  —  This  substance  crystallises  in  transparent, 
strongly  refracting  octahedra  (envelope  crystals),  which  are  readily 
soluble  in  hydrochloric  and  insoluble  in  acetic  acid  {Fiirhringer).^ 

The  occurrence  of  isolated  crystals  of  oxalate  of  lime  (fig.  112)  has 
no  clinical  significance.  They  have  been  found  in  healthy  urine,  and 
their  number  may  be  greatly  increased  after  the  ingestion  of  food 
containing  a  large  proportion  of  oxalic  acid,  such  as  tomatoes,  fresh 
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beans,  beetroot,  asparagus,  &c.  On  tlie  other  hand,  oxakiria  as  a  morbid 
state  cannot  be  measured  by  the  use  of  the  microscope  alone,  since  the 
urine  may  contain  a  large  proportion  of  oxalic  acid,  Avhilst  neither  it  nor 
its  salts  are  precipitated  as  crystals.  In  sucli  cases,  tlie  urine  must  be 
analysed  witli  a  view  to  ascertaining  the  pi'oportion  of  oxalic  acid  Avhicli 
it  contains. 

3.  Bilirubin  and  Hsematoidin. — Bilimhin  is  deposited  in  the  urine 
either  in  the  amorphous  form  or  in  crystals.  Crystals  of  bilirubin 
have  a  t\vofold  character,  occurring  either  as  clusters  of  needles,  or 
as  minute  rhombic  tablets,  and  their  colour  ranges  from  yellow  to 
a  beautiful  ruby-red.  They  are  soluble  in  caustic  soda,  and  on  the 
application  of  a  drop  of  nitric  acid  a  green  rim  forms  round  them. 
Kussmmil  has  discovered  these  crystals  in  jaundice,  and  Ebstein  ^~  in 
pyelonephritis. 

Hcematoidin  resembles  bilirubin  as  closely  in  aj)pearance  as  in  its 
chemical  properties.  The  crystalline  formations  of  the  two  are  identical 
(see  fig.  89) ;  but  it  would  appear  that  hsematoidin  may  Idc  distinguished 


Fio.  ii3.-Triple  Phosphate  Crystals  fi-om  the  Sediment  in  Cblorosis  (eye-piece  III. 

objective  8a,  Reichcrt).  ' 

chemicaUy  from  the  fact  that  it  turns  a  transitory  blue  when  treated 
with  mtric  acid  (Holm^^),  and  is  insoluble  in  caustic  potash  and  ^ther 
{StadeUry^  According  to  Hoppe-Seyler,^^^  h^matoidin  and  bilirubin 
are  m  aU  respects  indistinguishable,  and  the  experience  of  the  author 
lends  support  to  the  view  of  this  gi-eat  authority ;  for  he  has  repeatedly 
had  occasion  to  observe  that,  in  the  urine  of  jaundice,  the  yeUow  cellu- 
lar elements,  and  notably  the  epithelium,  are  stained  red,  passing  to  blue 
on  the  application  of  nitric  acid-a  reaction  which  is  .assiuned  to  belong 
only  to  h^matoidin,  and  yet  in  these  cases  there  can  be  no  doubt  tha't 
the  substance  present  is  bilirubin  (see  also  p  61) 

Leyden^^  found  these  crystals  in  nephritis"  gravidarum,  Folta^iek 
^n^  RosenUevn^-  in  acute  yellow  atrophy  of  the  liver,  and  Fritz^'^  in 
various  chronic  and  acute  diseases,  e.g.,  in  a  case  of  carchioma  of  the 
hver  m  scarlatina  and  typhoid.  They  were  usuaUy  connected  with 
cellular  debris,  and  in  jaundice  alone  M^ere  they  also  met  with  in  the 
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free  state.  In  general  it  may  Ije  said  that  the  i)resence  of  such  free 
crystals  in  considerable  quantity  implies  an  antecedent  hajmorrliage  or 
the  bursthig  of  an  abscess — as  a  suppurating  echinococcus  (;yst — into  the 
lU'inary  passages. 

4.  Triple  Phosphates.— Crystals  of  triple  phosphate  occur  commonly 
in  weakly  acid  urine,  as  in  the  faces  (see  p.  197),  as  bodies  of  large  size 
and  of  the  coifin-lid  form  (fig.  113).  They  are  readily  soluble  in  acetic 
acid.  Even  when  found  in  large  numbers,  this  fact  alone  will  hardly 
warrant  the  diagnosis  of  phospliaturia. 

5.  Basic  Phosphate  of  Magnesia.— The  crystals  of  this  body  have 
the  form  of  large  strongly  refracting  plates,  usually  in  the  shape  of 


Fig.  114.— Basic  Phosphate  o£  Magnesia  (eye-piece  II.,  objective  C,  Zeiss). 

elongated  rhombic  tablets  (fig.  114).  They  are  readily  soluble  in  acetic 
acid,  and  precipitated  again  on  the  addition  of  carbonate  of  soda.  They 
are  found  in  concentrated  urine  of  feebly  acid,  neutral,  or  allvaline 
reaction  (Stein). '^'^ 

6.  Neutral  Phosphate  of  Lime. — These  crystals  appear  as  pointed 
wedge-shaped  prisms,  either  singly  or  in  clusters.     They  are  decom- 


p,G  „.  -Neutral  Phosphate  of  Lime  from  the  Urine  of  Chronic  Nephritis  .ifter  standing  for 
twenty-four  houi-s.   The  urine  was  feebly  acid  (eye-piece  III.,  objective  8a,  Reiclia-t). 

posed  by  ammonia,  and  dissolve  in  acetic  acid  (fig.  115).  They  occur 
commonly  in  feebly  acid  urine  which  is  becoming  aDialine. 

7  Sulphate  of  Calcium.— Tliis  substance  is  rarely  present  in  the 
urinary  secUment.  It  generaUy  takes  the  form  of  long  colourless 
needles,  but  occurs  also  in  elongated  tables  with  abrupt  extremities. 
Amongst  such  crystals  are  sometimes  to  be  seen  masses  of  indeter- 
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minate  crystalline  .structure  (tig.  116).  They  are  insoluble  in  ammonia 
and  acids.  Clinically  tlieir  presence  is  of  little  consequence  (  Valentine); 
Fiirhringer)'^''' 


Fig.  lie.— Calcium  Sulphate,  Abundant  Sediment  (eye-piece  II.,  objective  C,  Zeiss). 

8.  Hippuric  Acid. — Crystals  of  liippuric  acid  have  the  form  of  four- 
sided  prisms,  and  are  scattered  separately  or  in  groui^s  (figs.  117  and  118) 
through  the  sediment. 

They  are  soluble  in  ammonia,  insoluble  in  liydrocliloric  acid.  They 


Fig.  117.— Crystals  of  Hippuric  Acid  (eye-piece  II.,  objective  C,  Zchs). 

occur  in  considerable  quantity  after  the  exliibition  of  benzoic  acid,  or 
the  ingestion  of  certain  fruits,  as  cranberries  and  bilberries.  Otherwise 
they  are  a  rare  manifestation,  and  have  little  influence  on  diagnosis. 


Fui.  i.8.-Hippuric  Acid  from  the  Urine  of  a  Rheumatic  Patient  after-largo  doses  of  Benzoic 
Acid  had  been  taken  (eye-piece  II.,  objective  8a,  Reichert). 

9.  Cystin.— The  crystals  of  this  body  are  seen  as  symmetrical  hexa- 
gonal tables  (fig.  119,  h),  superimposed  upon  or  contiguous  to  one 
another.  They  are  insoluble  m  acetic  acid,  but  readily  soluble  in 
ammonia.    In  this  they  differ  from  the  crystals  of  Tiric  acid. 

Cystin  may  also  be  present  in  solution  in  the  urine.  It  may  then 
be  precipitated  by  acetic  acid. 
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"When  crystals  are  found  in  the  iirine  which  answer  to  the  desci-ip- 
tion  givon  here,  thoy  should  be  so.i)anited  by  filtration  or  decanting, 
the  sediment  washed  with  a  little  water,  and  the  substance  in  question 
tested  on  the  platinum  foil.  Cystin  burns  with  a  bluish-green  flame, 
and  without  melting."^ 

If  cystin  be  boiled  in  caustic  potash  holding  oxide  of  lead  in  solution, 
sulphide  of  lead  forms  {Liehig).^" 

AMien  heated  with  caustic  potash  on  a  silver  plate  (as  a  coin),  it 
leaves  a  brown  or  black  permanent  mark.  Wlien  dissolved  in  a  boiling 
solution  of  caustic  potash,  dilution  with  water  and  the  addition  of  a 
solution  of  ferrocyanide  of  sodium  give  a  violet  colour  (/.  Milllery^ 

This  reaction,  according  to  Krul-enherg,^'^  belongs  not  to  the  cystin, 
but  to  sulphide  of  calcium,  which  constitutes  an  impurity  of  the  caustic 
potash  with  which  it  has  been  boiled. 


Fig.  119.— (t.  Tyrosin  ;  h.  Cystin  ;  c.  Leucin  (eye-iiieoe  II.,  objective  8a,  ReicUrt). 

10.  Xanthin. — H.  Bence  Jones'^'^'^  once  found  tliis  substance  in  the 
urine  of  a  lad  Avho  had  thi-ee  years  previously  exhibited  the  symptoms 
of  renal  colic.  It  was  seen  in  the  sediment  in  the  form  of  whetstone 
crystals,  which  Avere  insoluble  in  acetic  acid  and  soluble  ui  ammonia 
(thus  distinguished  from  uric  acid).  Such  bodies  are  clkdcally  of  import- 
ance, inasmuch  as  they  may  give  rise  to  the  formation  of  calculi  (see 
the  observations  of  Bence  Jones,  I.e.). 

11.  Tyrosin  and  Leucin. — These  substances  generally  occur  together 

in  the  urine. 

(rt.)  Tyrosin  is  seen  in  the  sediment  in  sheaves  of  very  fine  needles 
(fig.  119,  a),  which  are  insoluble  in  acetic  acid,  soluble  in  ammonia  and 
hydrochloric  acid. 

To  determine  the  character  of  tyrosin  chemicaUy,  the  sediment  con- 
taining it  should  be  separated  by  filtration,  washed  with  water,  dissolved 
in  ammonia  with  the  addition  of  carbonate  of  ammonia,  and  the  solution 
allowed  to  evaporate.    The  tests  for  tyrosin  may  then  be  applied  :— 

I.  A  milligramme  of  the  substance  obtained  is  placed  on  a  watch- 
glass  and  moistened  with  a  drop  or  two  of  sidphuric  acid.  The  mixture 
ts  covered  and  aUowed  to  stand  for  half-an-hour.  It  is  then  diluted 
Avith  water,  heated,  while  still  hot  saturated  with  calcimn  carlionate, 
and  filtered.    The  filtrate  is  colourless,  and  when  treated  with  acid- 
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free  ferric   chloride  (see  p.  157),   it  assumes  a  violet  tint  {Piria, 

2.  AVlieu  the  tyrosin  is  heated  with  nitric  acid  on  [jlatinnm  foil,  it 
assumes  an  orange-yellow  colour.  The  residue  is  darlc-yellow,  and  turns 
red(.lish-yellow  on  the  addition  of  caustic  soda.  Wlien  the  latter  is 
evaporated,  the  substance  wliich  remains  is  of  a  deep  brownish-black 
colour  (Scherer).^^- 

3.  Tyrosin  crystals  are  dissolved  in  hot  water,  and  the  still  hot  solu- 
tion is  treated  with  mercuric  nitrate  and  nitrite  of  potash.  The  fluid 
assumes  a  dark  red  colour,  and  yields  an  abundant  red  precipitate  {R. 
Hoffmann  and  L.  Meyer)}^'^ 

4.  G.  Wurster  1°*  recommends  the  following  process  : — Tyrosin  is  dis- 
solved in  boiling  water  and  a  little  dried  quinone  is  added.  The  fluid 
quickly  assumes  a  deep  ruby-red  colour,  which  changes  to  brown  after 
the  lapse  of  twenty-four  hours.  The  quinone-tyrosin  reaction  can  be 
depended  upon  only  Avhen  tyrosin  has  been  isolated  as  tlie  free  acid 
[para-hydro-oxyphenol-amido-propionic  acid],  and  will  not  serve  as  a  test 
unless  it  appears  readily  after  the  application  of  heat  without  prolonged 
boiling.  Quiiaone  alone,  or  in  presence  of  phenol,  gives,  when  boiled, 
a  rosy-yellow  colour  to  its  solutions. 

Tyrosin  occurs  dissolved  in  the  urine  as  well  as  in  crystals.  To 
obtain  it  from  solution,  basic  acetate  of  lead  should  be  added,  when  a 
precipitate  wiU  form.  The  fluid  should  now  be  filtered,  and  the  filtrate 
freed  from  lead  by  the  addition  of  sulphuretted  hydrogen,  again  filtered, 
and  partially  evaporated  on  the  water-bath.  The  residue  is  repeatedly 
extracted  with  small  quantities  of  strong  alcohol,  and  the  extract 
several  times  boiled  Avith  weak  alcohol  and  then  allowed  to  evaporate 
spontaneously. 

{h.)  Leudn.~Th.is,  body,  which  is  commonly  associated  with  tyrosin, 
is  for  the  most  part  held  in  solution  in  the  urine,  but  to  some  extejit 
occurs  also  in  the  sediment  in  the  form  of  small  spheres  (fig.  119,  c). 
The  process  for  its  detection  is  the  same  as  tliat  for  tyrosin.  It  may  be 
separated  from  the  latter  by  crystaUisation  from  a  watery  solution, "and 
then  purified  by  recrystalUsation  from  a  solution  of  ammonia  in  boiling 
alcohol.  When  quite  pure,  leucin  crystalHses  in  delicate  plates ;  when 
impure,  it  forms  little  bulbs  of  amorphous  structure.  It  may  be  known 
by  the  following  tests  : — 

1.  A  solution  containing  leucin,  when  heated  with  proto-nitrate  of 
mercury,  deposits  metallic  mercury  {Hofmeist&r)}'^'^ 

2.  When  consumed  with  nitric  acid  on  platinum  foil,  it  leaves  a 
colourless  residue.  This,  when  heated  with  caustic  potash,  forms  drops 
of  an  oily  fliud  which  does  not  adhere  to  the  platinum  {Scherery^^ 

Tyrosin  has  been  found  in  tlie  urine  in  conjunction  with  leucin  in 
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phosphorus  poisoiung,  acute  yellow  iitroi)hy  of  tin;  liver,  and  several  of 
the  infectious  diseases  {Frerichs,  Schultzeii,  lieiss,  PoucJief,  A.  Frcinkel, 
Blendermann,  A.  Irsai)}'^' 

It  is  probable,  however,  that  in  some  instances  where  these  bodies 
were  supposed  to  have  been  in  the  nrine  they  were  not  sufficiently 
identified ;  and  it  is  Avithin  the  author's  experience  that  a  deposit  has 
repeatedly  been  taken  as  consisting  of  tyrosin,  until  subsequent  chemical 
analysis  exposed  the  error.  Prus  has  fonnd  abundance  of  leucin  in 
the  urine  in  cases  of  leukaemia. 

12.  Soaps  of  Lime  and  Magnesia. — In  the  urine  of  various  diseases 
are  often  found  crystals  bearing  a  very  close  resemblance  in  form  to 
those  of  tyrosin  {v.  JaJcsch),  but  possessing  distincti\'e  characters  of 
their  own.     The  accompanying  illustration  (fig.  120)  represents  such 


Fig.  120.-  Lime  and  Magnesia  Soaps  from  the  Urinary  Sediment  of  a  Woman  witli  Puerperal 
Septicieniia  (eye-piece  II.,  objective  8a,  Reicltcrt\ 

crystals,  wliich  the  author  had  the  opportunity  of  examinmg  once  only 
in  tolerable  abundance.  They  occurred  in  the  sediment  from  the  feebly 
acid  urine  of  a  woman  with  severe  puerperal  septicaemia.  They  are 
obviously  very  similar  to  those  of  tyrosin,  but  yielded  none  of  the 
characteristic  reactions  of  that  body  as  given  above  (1-3).  The  material 
was  not  sufficient  for  further  analysis ;  but  it  appeared  from  the  be- 
haviour of  the  substance  in  question  with  regard  to  solubility,  &c.  (see 
p.  196),  that  it  was  probably  formed  of  the  lime  and  magnesia  salts  of 
the  higlier  fatty  acids. 

(b.)  Amorphous  Deposits. 

1  Urates.— Amorphous  urates  have  the  appearance  of  fine  granules, 
disposed  singly  or  in  masses.  They  are  entirely  dissolved  by  heating 
or  the  addition  of  acids,  and  the  sediment  when  treated  lu  this  way 
exhibits  free  uric  acid,  for  the  most  part  in  the  form  of  rhombic  tablets. 
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2.  Oxalate  of  Lime. — -Tlie  envelope  crystals  of  oxalate  of  lime  have 
been  already  described  (see  p.  241).  This  substance  appears  also  as 
dumb-bell-shaped  figures.  They  are  unaffected  by  acetic  acid,  and  dis- 
solve in  concentrated  solution  of  hydrochloric  acid.^""  [The  oxalate  of 
lime  dumb-bell  is  really  a  disc  witli  a  central  depression  on  either  face, 
and  it  presents  this  appearance  Avlien  seen  sideways  (F.  Tayloi').™ 
Such  formations  result  from  slow  precipitation  in  presence  of  colloid 
matter  (Ord).^^^] 

3.  Sulphate  of  Calcium. — In  addition  to  its  crystalline  form  (p.  242 
and  fig.  I T  6),  sulphate  of  calcium  in  the  urine  takes  the  appearance  of 
dumb-beU-shaped  amorphous  masses,  wliich  are  insoluble  in  ammonia 
and  in  concentrated  solutions  of  hydrochloric  acid. 

"When  the  sediment  contains  this  substance  in  considerable  quantity, 
it  may  be  separated  from  the  other  constituents  by  decanting,  filtering, 
and  Avashing  in  cold  water.  It  is  then  dissolved  in  a  large  bulk  of  hot 
water.  If  to  one  portion  of  this  solution  a  quantity  of  chloride  of 
barium  be  added,  a  precipitate  of  barium  sulphate  forms,  and  this  is 
insoluble  in  nitric  and  in  hydrocliloric  acid.  If  another  portion  be 
treated  with  ammonium  oxalate,  a  precipitate  of  oxalate  of  lime  falls. 
This  precipitate  is  insoluble  in  acetic  and  soluble  in  hydrocliloric  and 
nitric  acids. 

4.  Brown  and  Yellow  Concretions. — Tlie  urinary  sediment  may 
contain  such  concretions  either  free  or  associated  with  ceUs,  and  con- 
sisting of  hsematoidin  or  of  bilirubin,  Avhich,  as  we  have  seen,  is  perhaps 
indistinguishable  from  hasmatoidin.  According  to  Holm,^^-  when  a 
substance  of  this  sort  is  found*  to  be  soluble  in  caustic  potash,  and 
exlubits  a  coloured  ring,  of  Avhich  green  forms  one  zone,  on  the  appli- 
cation of  nitric  acid,  we  are  to  assume  that  it  consists  of  bilirubin. 
When,  on  the  other  hand,  it  is  insoluble  in  caustic  potash,  and  colours 
transitorily  blue  with  nitric  acid,  he  would  suppose  that  it  is  formed  of 
hsematoidin. 

5.  Fat. — Fat  is  deposited  m  the  form  of  strongly  refracting  globules 
of  varying  size,  which  are  readily  soluble  in  sether.  It  may  be  present 
in  the  urine  in  small  quantities  after  the  fracture  of  bones,  and  in  chronic 
inflammation  of  the  kidney,  attended  with  much  fatty  degeneration  of 
that  organ.  It  occurs  in  greater  abundance,  liowever,  only  in  chyluria, 
which  for  the  most  part  depends  upon  the  action  of  certain  worm 
parasites  (Distoma  haematobium  and  Filaria  sanguinis  hominis),  and  in 
phosphorus  poisoning.  We  shall  have  occasion  later  to  revert  to  the 
subject  of  chyluria  and  lipuria. 

B.  Sediments  from  Alkaline  Urine. 
(".)  Crystalline  Deposits. 

1.  Triple  Phosphate— Tlie  crystals  of  tripk>  phosphate  deposited  in 
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alkaline  urine  exhibit  a  very  great  diversity  of  character,  especially 
when  newly  formed  in  the  process  of  ammoniacal  fermentation.  Tliey 
may  be  seen  imder  such  circumstances  to  resemble  snowflakes,  or  again 
as  peculiar  jagged  figures,  resembling  flags  or  elder  leaves  (figs.  113  and 
i2t).  Their  most  permanent  and  characteristic  form,  however,  is  that 
of  large  colourless  and  more  or  less  perfect  coftin-lids  or  knife-rest  frjrm. 


Fio.  121. — Triple  Phosphate  Crystals  (rave  form)  from  Urine  in  Alkaline  Fermentation 
-  (eye-piece  II.,  objective  8a,  Relchert). 

2.  Indigo. — Indigo  occurs  in  the  urine  as  concretions  and  amorphous 
fragments,  and  also  in  the  form  of  blue  crystals  and  fine  blue  needles, 
which  mostly  cohere  in  clusters.  Crystals  of  indigo  are  no  very  rare 
manifestation  in  decomposmg  and  fermenting  urine.  They  are  derived 
from  the  decomposition  of  sulphate  of  indoxyl.  This  substance  Avas 
found  to  be  present  in  remarkable  abundance  during  the  process  of 
ammoniacal  fermentation  in  the  urine  of  jaundice,  from  a  patient  with 
hypertrophic  cirrhosis  of  the  liver.    The  urinary  sediment,  in  the  case 


Flo.  122.— Indigo  Ciystals  from  a  Urine  rich  in  Indican,  after  standing  for  eight  days  at 
ordinary  temperature  (eye-piece  III.,  objective  F,  Zuss). 

of  abscess  of  the  liver,  was  recently  examined  by  the  author.  It  con- 
tained numerous  indigo  crystals,  and  had  an  add  reaction  (fig.  122) 
(v.  Jaksch). 

[Dr.  Ord^^^  has  observed  a  deposit  of  indigo  ui  the  alkaline  urine  of 
a  patient  who  had  long  suffered  from  enlarged  prostate.  In  this  case, 
besides  pure  indigo,  there  were  several  bodies  stained  by  that  substance. 
Among  them  were  crystals  of  urates  and  phosphates,  epithelium,  yeast 
cells,  and  bacteria.  In  this  way,  as  Ord  points  out,  the  form  of  the 
indigo  is  determined  by  the  form  of  the  bodies  on  which  it  is  deposited.] 


URATE  OF  AMMONIA  AMORPHOUS  DEPOSITS.  249 


3.  Urate  of  Ammonia. — Urate  of  iuunionia  I'onu.s  splierical  bodies, 
dark  in  colour  EXiid  of  varying  size.  Their  circinnferonce  is  Leset  witli 
radiating  spicules  of  crystalline  structure  (lig.  123).  [Hence  they  are 
known  as  hedgehog  crystals.]     They  are  soluble  in  hydrochloric  and 


Fig.  123.— Crystals  of  Urate  of  Ammonia,  Sediment  in  Alkaline  Fermentation  (eye-pieoe  II., 

objective  8a,  Jieichert), 

acetic  acid,  with  the  formation  of  uric  acid,  wliich  is  deposited  in  the 
form  of  rhombic  tables. 

4.  Phosphate  of  Magnesia. — The  crystals  of  this  salt  have  been 
already  (fig.  114)  sufficiently  described. 

5.  Cholesterin. — Crystals  of  cholesterin  are  very  rarely  to  be  seen  in 
the  urinary  sediment.  The  author  has  observed  them  but  once,  and 
that  was  in  the  case  of  a  man  who  suffered  from  tabes  and  cystitis.  The 
cholesterin  took  forty-eight  hours  to  deposit  in  crystals.     The  urine 


Pig.  124.— Cholesterin  Crystals  from  a  Sediment  in  a  Case  of  Tabes  and  Cystitis  ;  crystallised 
from  wther  and  alcohol  (eye-piece  II.,  objective  8a,  Reichert). 

wlien  freshly  voided  had  a  slightly  acid  reaction,  was  turbid,  and  when 
shaken,  a  great  number  of  scaly  particles  could  be  seen  in  it  with  the 
naked  eye  (fig.  124). 

(b.)  Amorphous  Deposits. 

1.  The  large,  dark-coloured,  spherical  bodies  represented  in  fig.  123 
consist  of  tivate  of  cmimonia.  They  are  distinguished  by  their  solubility 
in  acetic  and  phosphoric  acids,  with  the  simultaneous  deposit  of  rhombic 
tables  of  uric  acid. 

2.  Larger  or  smaller  particles,  which  dissolve  in  acetic  acid  without 
the  evolution  of  gas  :  basic  phosphatic  earths. 
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3.  Particles  of  varying  size,  which  are  soluble  in  acetic  acid  with  the 
evolution  of  gas  :  carbonates  of  the  alkaline  earths. 

4.  Dunib-boU-shapod  masses  and  coarsely  granvdar  concretions,  dis- 


Fio.  125.— Deposit  of  Ciu-bonate  of  Lime,  Sediment  of  Ammouificiil  Urine  (eye-piece  II., 

objective  C,  Zeiss). 

solving  in  acetic  acid  Avith  the  evolution  of  gas :  carhonate  of  lime 

(fig-  125). 
5.  Indigo. 

III.  Urinary  Concretions. 

Concretions  of  considerable  size  are  occasionally  to  be  seen  with  the 
naked  eye  in  the  urine  (urinary  sand).  They  consist  for  the  most  part 
of  urates,  or  of  urates  and  uric  acid  together.  Their  recognition  is  of 
great  consequence  in  the  diagnosis  of  renal  colic  (nephrolithiasis).  These 
concretions  are  usuaUy  more  or  less  stained,  and  their  constitution  may 
be  readily  determined  by  the  tests  already  given  for  the  compoimds  of 
uric  acid  (p.  240). 

Phosphatic  concretions  of  larger  size  occirr  more  rarely.  They  are 
light-coloured  and  of  little  consistence. 

Other  concretions  occasionally  to  be  met  A\ath  in  the  urine  are  those 
of  cystin,  xanthm,  oxalic  acid,  and  indigo  {Ord,  H.  CUariy^^  Those 
of  the  last-named  substance  are  easily  recognisable  by  their  colour. 

In  a  case  which  occurred  in  the  author's  clinic,  and  which  proved  fatal  from 
uremia,  the  right  kidney  was  found  to  be  cystic,  and  it  contained  a  large 
quantity  of  crystalUne  concretions.  These  were  ascertained  by  the  author's 
colleague,  Hofmeister,  to  consist  of  oxalate  of  lime,  an  insoluble  proteid,  and  a 
derivative  of  blood  pigment. 

The  constitution  of  these  bodies  is  dealt  with  at  greater  length  in 
the  ordinary  text-books  on  the  chemistry  of  urine  (see  mippe:)-t,  Hoppe- 
Seyler,  and  Leuhe-SalkoicsJd). 

IV.  Foreig-n  Bodies  in  the  Urine. 

As  occasional  impurities  of  the  urine  may  be  enumerated  fatty  par- 
ticles (often  introduced  with  the  catheter),  fibres  of  silk,  linen,  and 
wool,  particles  of  feathers  and  wood,  and  starch  granules,  the  latter 
heina  employed  as  starch  powder  in  medication  of  the  urethra.        •  _ 

The  appearance  in  the  urine  .^f  substances  belonging  to  the  fseces  is 


a  fact  of  serious  import.  In  drawing  a  conclusion  from  their  presence, 
care,  of  course,  must  be  taken  to  ascertain  tliat  they  M'ere  actually  passed 
with  the  urine ;  and  Avhen  this  is  so,  they  are  evidence  of  an  abnormal 
communication  between  the  urinary  passages  and  the  gut. 

Fragments  derived  from  tumours,  as  sarcoma  and  carcinoma,  may 
find  their  Avay  into  the  urine  by  invasion  from  neighbouring  organ.s 
(see  p.  233). 

Hairs  have  been  known  to  be  passed  with  this  fluid  (pilimictio). 
They  have  generally  been  derived  from  dermoid  cysts  in  the  urinary 
passages.  Sometimes  they  have  been  conveyed  by  accident  or  design 
(hysteria)  into  the  recipient  vessel.  In  very  rare  cases  gases  are  voided 
with  the  urine  (pneumatnria)  in  considerable  quantity  ;  but  Avhen  this 
has  occurred,  there  has,  as  a  rule,  been  an  abnormal  communication 
between  the  urinary  passages  and  the  intestine  (see  Hydrotliionuria). 
It  must,  hoAvever,  be  borne  in  mind  that  gas  may  be  freely  generated  in 
the  bladder  by  spontaneous  decomposition  of  the  urine. 

Thus  Ft.  Muller  reports  the  case  of  a  man  of  sixty  years,  suffer- 
ing from  severe  cystitis,  where  the  luine  held  sugar  and  a  number  of 
gases — namely,  hydrogen,  nitrogen,  carbonic  acid,  and  proliably  methan. 
Senator     has  observed  a  similar  condition. 

III.  CHEMICAL  EXAMINATION  OF  THE  URINE. 
A.  Organic  Substances. 

1.  Proteids. — We  shall  begin  ^\it\\  the  consideration  of  albumin, 
which  is  the  conmionest  of  all  the  morbid  constituents  of  the  urine. 

It  is  stiU  an  ojaen  question  whether  albumin  ever  occurs  in  consider- 
able quantity  m  the  urine  of  health.  For  whilst,  on  the  one  hand,  the 
older  authorities  (as  Frericlis,  Vogel,  and  Ultzmann  i^")  have  recorded  its 
occasional  presence  in  healthy  urine,  and  the  more  recent  investiga- 
tions of  Leube,  Fiirbringer,  Senator,  and  C.  Posner'^'^^  would  seem  to 
have  established  the  possibility  of  a  physiological  albuminuria,  the 
researches  of  v.  Noorden  are  not  less  decisive  in  the  opposite  direc- 
tion ;  and  Leube  and  Winternitz  from  recent  very  careful  experiments 
conclude  that  not  every  urine  contains  albumin.  [Grainr/er  Stewart  ^-^ 
has  found  that  albumin  is  occasionally  i)resent  in  very  mmute  quantity 
in  the  urme  of  persons  apparently  healthy ;  and  he  belie\'es  that  in  some 
cases  it  is  derived  from  epithelial  and  other  debris  after  the  urine  has 
been  secreted  at  the  kidney.] 

For  the  purpose  of  such  investigations  the  following  plan  may  be  adopted : — 
Normal  urine  is  taken,  and  it  is  first  ascertained  to  be  free  from  bacteria  and 
from  albumin,  as  shown  by  the  ordinary  methods.  It  is  next  distilled  in  vacuo 
at  a  low  temperature  (35°  to  37°  C),  and  the  residue,  with  the  included  sediment, 
is  either  tested  directly,  in  the  manner  to  be  indicated  at  p.  255.  or  it  is  first 
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treated  with  alcohol  ;  and  of  the  sediment  wliich  remains  when  the  spirit  has 
been  driven  off,  one  part  is  dissolved  in  water,  another  in  acetic  acid,  and  a 
third  in  caustic  potash,  and  the  solutions  submitted  to  the  tests  described  at 
p.  255  {Avschiitz)}-'  Proceeding  in  this  way,  it  will  be  found  that  Leuhc's  state- 
ment concerning  healthy  urine  is  entirely  correct,  and  not  a  trace  of  albumin 
can  be  shown  in  it.  In  the  urine  of  certain  diseases,  on  the  other  hand,  as  in 
valvular  heart-disease  with  compensating  hypertrophy,  where  the  most  sensitive 
tests  directly  applied  will  fail  to  evince  the  presence  of  albumin,  it  can  readily 
be  shown  in  the  concentrated  fluid  obtained  as  above. 

It  may  at  all  events  be  confidently  stcated  that  the  urine  occasionally 
holds  a  variable  quantity  of  albumin  as  a  temporary  constituent,  whilst 
at  the  same  time  tlie  kidneys  exhibit  no  alteration  of  structure,  and  its 
presence  in  such  cases  is  to  be  attributed  to  a  sudden  disturbance  of  the 
circulation  (see  Schreiber's  experimental  albuminuria).     To  the  same 
category  of  causes  must  be  ascribed  the  conditions  similarly  observed  by 
StirUng  in  apparently  healthy  boys,  and  by  Ringstedt,  Heuhner,  and 
Washlmrn.'^-^    [Pavy's'^--^  "  cycHcal  albmninuria"  occurs  during  the  day 
and  disappears  during  the  night.    It  seems  to  be  caused  hy  the  erect 
posture.     Moxoris^'^^  remittent  albuminuria  has  probably  the  same 
significance.    Facjge     has  described  a  paroxysmal  albuminuria  which 
he  believed  to  be  a  form  of  hse.moglobinuria,  where  globulin  resulted 
from  the  decomposition  of  hfEmoglobin.    The  condition  is  occasionally 
associated  with  the  deposition  of  oxalates.    Finally,  a  temporary  albu- 
mmuria  may  depend  upon  diet  or  be  induced  by  exercise  {Taylor)}'^'^ 
Albuminuria  of  the  like  cause  and  import  sometimes  occurs,  as  FalJcen- 
heim      has  remarked,  in  connection  with  morbid  states.    [The  abuse  of 
morphia  is  recognised  by  HucharcW^^  and  by  Haig^^''  as  a  cause  of 
albuminuria,  dependent  probably  on  vascular  disturbance.]  Vircliow 
originally,  and  after  him  many  other  observers,  have  shown  that  the 
urine  of  newly-born  infants  often  contains  albumin. 

Bright  ^'^'^  in  England  was  the  first  to  determine  the  connection 
between  renal  disease,  dropsy,  and  albuminous  urine,  and  after  him 
the  labours  of  such  men  as  Ghristison  and  Rayer,  Frericlis  and  Traube,^^^ 
formrdated  what  Avas  known  of  albuminuria  as  a  clinical  symptom. 
For  a  long  time  it  was  thought  sufficient  merely  to  determine  the 
presence  of  proteid  matter  in  the  urine,  and  the  further  question  was 
not  raised  as  to  whether  it  occurred  in  more  forms  than  one.  It  is  now 
estabUshed  on  clinical  and  physiological  gromids  that,  in  addition  to 
serum-albumin,  the  urine  may  contain  globulin,  peptone,  albumose,  oxy- 
hemoglobin, mucin,  and  fibrin  ;  and  it  is  obviously  important  to  be 
able  to  distingui.sh  between  these  bodies.  At  present,  the  chief  clinical 
Interest  attaches  to  serum-albumin,  peptone,  and  albumose,  for  by 
methods  now  well  established  we  can  readily  separate  each  f  f^^^ 
from  the  others.    The  very  simple  methods  wliich  Kauder  and  PoU 
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(of  Hofnieister's  laboratory)  have  recently  coininunicateil  for  the  detec- 
tion of  globulin  in  serous  fluids  and  urine  have  placed  us  in  the  same 
favourable  position  with  reference  to  that  body,  and  by  their  aid  we  may 
hope  soon  to  learn  wliether  globulinuria  also  exists  as  an  independent 
condition.  In  view  of  their  importance  in  tins  coimection,  Ave  shall 
describe  these  methods  mth  the  others.  It  follows  from  what  has  been 
said  that  albuminuria  is  of  different  kinds,  and  we  may  distinguish  : 
(i)  Serum-albuminuria,  which  alone  will  be  imderstood  to  be  meant 
by  the  term  "albuminuria"  in  the  foUowmg  pages;  (2)  Peptonuria; 
(3)  Albumosuria  ;  (4)  Globulinuria,  which  as  yet  is  not  known  to  occur 
by  itself  ;i^»  (5)  Fibriniraa ;  (6)  Haematuria  (see  p.  270);  (7)  Hsemo- 
globinuria  ;  and  (8)  Nucleo-albuminuria  (Mucinuria). 

1.  Albuminuria. — Under  this  heading  we  shaU  group  those  states 
in  which  the  urine  is  found  to  contain  serum-albumin,  in  combination, 
perhaps,  with  a  variable  proportion  of  globulin. 

The  author  has  come  to  the  conclusion,  as  the  result  of  repeated  analysis,  that 
the  urine  of  serum-albuminuria  does  not  invariably  contain  globulin. 

Semm-dlhumin  in  notable  quantity  is  never  found  in  healthy  urine. 
Its  appearance  is  in  all  eases  a  morbid  symptom  of  great  importance. 

The  albumin  of  lu'uie  may  be  derived  from  the  kidney  (renal  albu- 
miniu'ia),  or  by  admixture  from  parts  in  the  urinary  passages  bej^ond 
the  kidney  (contingent,  accidental  albuminuria). 

(a.)  Renal  Albuminuria. — This  form  of  albumimu'ia,  which  is  at 
once  the  commoner  and  the  more  serious,  depends  in  aU  cases  upon  dis- 
turbance of  the  renal  functions,  and  such  distiu'bance  may  be  due  to 
various  causes.  By  far  the  most  frequent  of  these  are  inflammatory 
and  degenerative  changes  in  the  structure  of  the  kidneys.  It  should  be 
mentioned  here  that  where  such  processes  in  the  kidney  are  the  under- 
lying cause  of  albuminuria,  we  cannot  always  infer  their  extent  and 
severity  from  the  quantity  of  albumin  eliminated.  So  far  indeed  is  this 
from  being  the  case,  that  there  are  certain  forms  of  renal  disease  of  aji 
especially  serious  character  (granular  kidney,  red  atrophy),  in  wliich  the 
urine  contains  only  traces  of  albumin.  Another  cause  of  albuminuria 
is  found  in  disturbances  of  the  circulation  of  different  Icinds,  provided 
only  that  such  disturbance  extends  to  the  vessels  of  the  kidney.  Ifc 
must,  however,  be  borne  in  mind  that  errors  of  the  circulation,  when 
of  long  continuance,  may  effect  changes  in  the  structure  (congestion)  of 
the  kidney. 

To  disturbances  of  the  circulation  sliould  perhaps  be  referred  the 
temporary  albummuria  of  epileptic  paroxysms  {M.  Huppert'^^%  ami 
that  wliich  Schreiber  i^"  induced  experimentaUy  by  compression  of  the 
tliorax  in  hoaltliy  persons.    Possibly,  also,  that  form  of  albuminuria 
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wliich  often  sets  in  in  ucute  enteritis  should  be  mentioned  here  (Smr/er, 
7voWer).i-''5  As  a  i)ermanent  condition  referable  to  renal  congestion  may 
lie  mentioned  tlus  albuminuria  of  emphysema,  heart-disease,  weakened 
heart,  &c. 

To  a  third  class  of  causes  is  to  be  ascribed  the  albuminuria  of  fever 
{Leyden)}'^'^  The  circumstances  which  promote  the  elimination  of  albu- 
min in  the  febrile  state  are  manifold.  In  the  first  place,  the  accom- 
panying changes  in  blood- pressure  would  l)e  alone  sufficient  to  account 
for  albuminmia.  Then  it  is  known  that  a  long  continuance  of  the 
febrile  processes  is  competent  to  induce  structural  alterations  in  the 
renal  epithelium,  Avhich  in  their  turn  lead  to  albuminuria.  It  is  con- 
ceivable, again,  that  the  special  cause  (fungi)  in  certain  fevers  exerts 
an  immediate  influence  in  the  matter,  since  we  find  that  in  many 
infectious  diseases  the  prohferating  micro-organisms  are  eliminated  in 
large  quantities  by  the  kidneys  (see  p.  233).  The  admirable  experi- 
ments recently  undertaken  by  H.  Lorem lend  great  support  to  the 
theory  that  the  albuminuria  of  fever  depends  directly  upon  certain 
lustological  changes  in  the  renal  epithelium,  especially  affecting  the 
"  rodded  "  lining  cells. 

There  is  a  fourth  form  of  albuminuria  to  be  distinguished  in  respect 
of  causation  from  those  already  mentioned.  It  occurs  in  ansemic  and 
enfeebled  ijidividuals,  independently  of  kidney-disease,  disordered  cir- 
culation, and  the  febrile  state;  and  can  be  accounted  for  only  by 
assuming  changes  in  the  constitution  of  the  blood,  of  such  a  character 
that,  whilst  the  structure  of  the  kidneys  remains  intact,  and  the  blood- 
l^ressure  is  not  appreciably  altered,  albumin  is  allowed  to  exude  with 
the  urine  {v.  Bamberger's  hsematogenic  albuminuria). 

It  still  remains  to  say  a  few  words  regarding  that  variety  of  albu- 
minuria which  is  intermittent  in  character.  In  the  author's  experience 
it  occurs  under  the  most  varying  circumstances,  and  may  be  either 
renal  or  accidental  (q.v.)  in  its  origin.  A  number  of  observations  of  the 
kind  recently  published  by  Bull,  Mareau,  Klem]perer,  Ganfield,  and  G. 
Johnson  have  proved  its  occurrence  in  health,  Avhere,  no  doubt,  it  is 
due  to  the  circulatory  disturbances  already  referred  to. 

In  the  course  of  a  chronic  or  of  an  acute  nephritis,  it  will  often 
happen  that  albumin  is  found  to  be  temporarily  present  in  the  uruie 
{0.  Jaliseh)}'^-'  When  tliis  is  so,  a  careful  microscopical  examination 
of  the  fluid,  at  a  time  when  it  is  free  from  alhumin,  wiU  usually  dis- 
close the  presence  of  formed  material  (casts  and  renal  epithelium)  by 
which  the  existence  of  a  nephritis  may  be  known.  Such  intermittent 
albuminuria  belongs  especiaUy  to  contracted  kidney.  In  a  case  of  this 
disease,  if  the  quantity  of  urine  passed  in  the  twenty-four  hours  be 
collected  togetlier  and  examined,  it  will  nearly  always  be  found  to  con- 
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tain  albumin ;  hut  if  the  same  urine  be  examined  in  separate  jjortions 
at  shorter  intervals— say  of  one  or  two  liours— it  will  be  found  com- 
paratively often  that  that  which  is  collected  in  the  forenoon  is  devoid 
of  albumin.  But  it  is  not  in  connection  with  kidney-disease  that  inter- 
mittent albuminuria  is  most  apt  to  occur.  It  is  more  often  associated 
with  affections  of  the  ureters  and  urethra,  and  especially  with  chronic 
inflammation  of  the  prostatic  portion  of  the  latter.  In  tliis  connection 
tlie  urine  first  passed  in  the  morning  is  generally  turbid,  and  contains 
albumin,  derived  no  doubt  from  the  pus  cells  in  tlie  fluid."*  Falken- 
heim'^*^  has  recorded  a  remarkable  case  of  intermittent  albuminuria, 
caused  by  the  pressure  of  a  tumour  on  the  left  kidney.  In  Pavijs 
disease,  it  is  probable  that  a  careful  microscopical  examination  M'ould 
show  evidence  of  an  underlying  nephritis  (see  Merley)}'^^  From  what 
has  been  said  above  of  the  various  forms  of  renal  albuminuria,  it  will 
be  seen  that  this  condition  is  in  itself  a  symptom  of  very  ambiguous 
significance.  Taken  Avith  the  other  physical  and  microscopical  appear- 
ances of  the  urine — but  only  in  conjunction  Avitli  these — it  Avill  afford 
a  valuable  indication  of  kidney-disease.  It  must  be  borne  in  mind  that 
we  are  never  toarranied  in  inferring  the  existence  of  a  renal  affection  or 
of  a  nephritis  from  the  mere  fact  that  the  urine  contains  albumin.  This 
was  the  error  of  former  times. 

{h.)  Accidental  Albuminuria. — The  apj)earance  in  the  urine  of  albumin 
derived  from  a  source  other  than  the  kidneys  is  a  symptom  of  much 
slighter  consequence.  It  may  come  from  the  renal  pelvis,  the  ureters, 
the  bladder,  or  the  urethra,  or  through  an  abnormal  communication 
from  neighbouring  parts,  e.g.,  the  lymphatics  or  thoracic  duct.  Li 
general,  a  positive  judgment  as  to  its  source  may  be  formed  from  the 
result  of  chemical  and  microscopical  investigation.  Thus,  for  instance, 
if  the  urine  exhibits  but  little  serum-albumin  and  a  considerable  pro- 
portion of  pus  ceUs,  the  inference  is  that  the  former  is  obtained  from 
the  migration  of  leucocytes  in  some  part  of  the  urinary  passages  just 
mentioned.  The  absence  of  renal  casts  and  epithelium,  moreover,  goes 
far  to  exclude  the  possibility  of  renal  albmninuria. 

Determination  of  Albumin  (Serum- Albumin). 

(a.)  Qualitative  Tests.— The  tests  at  our  disposal  for  tlie  recogmtion 
of  albumin  are  very  numerous.  The  reactions  whicli  we  shaU  describe 
here  are  all  more  or  less  to  be  depended  upon;  but  there  are  some 
amongst  them  which  Avill  engage  a  larger  share  of  our  attention,  and 
they  are  those  wliich  years  of  clinical  experience  liave  shown  to  be  espe- 
cially reliable.  Moreover,  when  applied  in  tlie  order  in  Avhich  tliey  are 
given,  tliey  will  afford  a  tolerably  accurate  means  of  discriminating  the 
various  forms  in  Avhich  albumin  occurs  in  the  urine. 

I.  Nitric  Acid  and  Heat  Test.— A  portion  .;.f  the  urine  is  boiled, 
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and  a  small  quantity  (Jg-  to  -^^  its  volume)  of  nitric  acid  (sp,  gi-.  1.18) 
added  to  it.  Should  a  precipitate  form  on  boiling,  this  may  consist 
either  of  albumin  or  of  phosphates.  If  it  dissolves  on  the  addition  of 
acid,  it  is  composed  of  phosphates ;  if  not  dissolved  in  presence  of  the 
acid,  and  if  increased  thereby,  it  is  albumin  {acid-alhumin). 

The  application  of  this  test,  however,  is  open  to  certain  fallacies. 
In  the  hrst  place,  if  there  be  but  little  albumin  present,  the  quantity 
of  acid  usually  added  will  be  relatively  in  excess  ;  and  rmder  these  cir- 
cumstances the  albumin  may  combine  mth  the  acid  to  form  a  soluble 
nitrate  Avhen  no  precipitate  remains.  Where,  on  the  other  hand,  both 
phosphates  and  albumin  are  present,  if  the  acid  employed  be  too  little, 
a  portion  only  of  the  basic,  phosphates  may  be  changed  into  the  corre- 
sponding acid  salts,  while  the  albumin  enters  into  combination  vnih 
the  rest,  and  remains  in  solution  as  an  albuminate  (union  of  albumin 
with  a  base). 

Another  occasional  source  of  error  is  the  formation  of  a  precipitate 
of  uric  acid.  Such  a  precipitate,  however,  can  usually  be  kno^vn  by 
its  deep  brown  colour,  and  from  the  fact  that  it  is  never  flocculent. 
Moreover,  it  does  not  fall  until  the  specimen  begins  to  cool. 

Finally,  the  test  may  be  misleading  in  cases  Avhere  the  urme  contains 
a  considerable  quantity  of  resinous  acids  (pine  acids),  as  happens,  for 
instance,  after  the  use  of  copaiba  balsam.  These  acids  (pinic  and 
pimaric  acids)  are  then  precipitated  by  heat,  but  can  be  readily  dis- 
tinguished from  albumin  by  their  solubihty  in  alcohol. 

The  heat  and  nitric  acid  test  will  serve  for  the  detection  of  sertim- 
alhumin,  gloUilin,  and,  where  the  precipitate  falls  on  cooling,  alhumose, 
but  not  for  that  of  peptone. 

2.  Acetic  Acid  and  Ferrocyanide  of  Potassium  Test.— The  nnne  is 
filtered,  and  to  the  clear  filtrate  a  large  quantity  of  acetic  acid  (sp.  gr. 
1.064)  and  a  few  drops  of  a  10  per  cent,  solution  of  ferrocyamde  of 
potassium  are  added.  If  albumin  (serum-albumin)  be  present  m  con- 
siderable quantity,  a  flocculent  precipitate  forms  ;  when  merely  a  trace, 
the  fluid  becomes  turbid  or  slightly  opalescent. 

In  the  latter  case,  it  may  be  necessary  to  compare  it  with  the  filtered 
urine,  in  order  to  estimate  the  change  in  its  appearance.  It  wdl  also 
happen,  especially  when  it  contains  micro-organisms,  that  the  fluid 
cannot  be  rendered  clear  even  by  repeated  filtration;  and  here  again 
the  comparison  will  lie  between  the  simply  filtered  fluid  and  that  to 
which  the  reagents  have  been  added.  In  the  first  instance  a  minimal 
turbidity,  in  the  second  an  increase,  shows  the  presence  of  albumin. 

This  i«  a  most  satisfactory  test,  and  by  its  means  very  minute  quanti- 
ties of  albumin  may  be  detected.  The  best  and  most  accurate  results, 
however,  may  be  obtained  from  its  application  in  the  following  manner:- 
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\  niixtiu'o  contamiug  11  few  cubic  centimetres  of  fairly  concentrated 
solution  of  acetic  acid  and  a  little  ferrocyanide  of  potassium  is  freslily 
made  in  a  test-glass,  and  carefully  poured  upon  the  surface  of  the  clear 
filtered  urine  in  a  test-tube.  If  the  merest  traces  of  albumin  be  pre- 
sent, a  Avhite  ring  forms  at  the  point  where  the  two  fluids  are  in  con- 
tact. For  ferrocyanide  of  potassium  platinocyanide  of  potassium  may 
be  substituted.  The  test  is  then  just  as  accurate,  and  the  advantage  of 
this  reagent  is  that  its  solution  is  colourless. 

By  this  ]uethod  the  presence  of  serum-alhumin,  glolnUin,  and  alhu- 
mose,  but  not  of  peptone,  can  be  ascertained. 

3.  Biuret  TestM' — The  urine  is  treated  with  caustic  potash,  and  a 
dilute  (10  per  cent.)  solution  of  sulphate  of  copper  is  added,  drop  by 
drop,  Avith  a  jaipette.  If  albumin  be  present,  the  residting  peroxide  of 
copper  (a  green  precipitate)  is  dissolved,  and  the  fluid  assumes  a  reddish- 
violet  coloiu". 

This  test  serves  for  alburm?i,  cdbmiose,  glohulin,  and  peptone.  The 
latter  substance,  hoAvever,  strikes  red,  not  violet,  in  the  fluid. 

4.  Heller's  TestM^ — The  i;rine  is  poured  carefully,  so  as  to  form  a 
layer  on  the  surface  of  some  nitric  acid  in  a  test-tube.  At  the  junction 
of  the  fluids  a  Avhite  cloud  forms  in  the  shape  of  a  ring  if  albumin  be 
present.  This  test  is  very  accurate  ;  but  it  is  not  to  be  recommended 
for  general  use,  because,  in  the  case  of  undiluted  urine,  the  deposition 
of  uric  acid  is  apt  to  cause  a  brown  discoloration,  which  may  easily  be 
mistaken  by  the  inexperienced  for  the  clouding  of  albumin.  After  the 
use  of  copaiba  balsam,  too,  a  similar  ring  may  form. 

This  reaction  is  also  the  basis  of  an  admirable  method  for  approxi- 
mately estimating  the  proportion  of  albumin  in  the  ui-ine  (see  p.  260). 

There  are  a  number  of  other  tests  for  albumin  of  a  more  or  less  accurate  and 
practicable  character,  and  to  some  of  these  allusion  must  be  briefly  made. 

Ileynsius'  2'csi.i«— The  urine  is  to  be  rendered  strongly  acid  with  acetic  acid  ; 
a  few  cubic  centimetres  of  a  saturated  solution  of  chloride  of  sodium  are  added, 
and  the  mixture  boiled.  The  presence  of  albumin  is  shown  by  the  formation  of 
a  flocculent  precipitate.    Very  small  quantities  can  be  detected  in  this  wav. 

{Potassio- Mercuric  Iodide  Test  (Tanret's  Reagent).— Th\s  was  found  bv  a  com- 
mittee of  the  Clinical  Society's"  to  be  the  most  delicate  of  a  series  of\-eagents 
exammed  by  it.  Tanret's  reagent  has  the  following  constitution  :-Mercuric 
chloride,  1.3s  grms. ;  potassium  iodide,  3.32  grms. ;  acetic  acid,  20  cc. ;  water, 
04  cc.  The  reaction  may  also  be  obtained  by  HeUcr's  method.  Serum-albumin, 
peptone,  albumose,  alkaloids,  and  bile  acids  are  precipitated  by  the  reagent,  It 
may  be  conveniently  employed  by  means  of  test-papers.] 

Hindcnlan(/s  {Mctap/iosphoric  Acid)  Test.^^^-U  to  urine  which  contains  albumin 
a  little  solid  metaphosphoric  acid  be  added,  a  precipitate  or  turbidity  forms. 
This  test  is  very  convenient,  but  will  not  suffice  where  only  a  trace  of  "albumin 
occurs.  The  author  has  repeatedly  failed  to  obtain  with  it  any  indication  of  this 
substance,  while  the  application  of  the  acetic  acid  and  ferrocyanide  of  potassium 
method  exhibited  its  presence.    On  tlio  other  hand,  he  can  confirm  the  state- 

R 


258 


THE  URINK. 


ments  of  Penzoldt  and  v.  Noordcn}^-  who  maintain  that  a  precipitate  can  often  1)0 
obtained  by  this  reagent  with  urines  with  wliicli  all  other  albumin  tests  yield 
negative  results. 

Filrhrinr/er's  Method  ^^'^  of  testing  with  chloride  of  mercury  and  sodium  has 
been  shown  to  be  very  convenient,  especially  when  the  reagent  is  used  in  the 
form  of  capsules  [Stiltzs  capsules) ;  but  it  has  no  other  advantage  over  those 
previously  described.  The  use  of  test-papers  also  (as  Geissler'g)  in  examining  for 
albumin,"  which  has  of  recent  years  come  into  vogue  in  England  and  on  the 
Continent,  does  not  seem  warranted  by  experience. 

The  Picric  Acid  Test  of  Dr.  George  Johnson^^^  is  sensitive,  but  it  is  not  alto- 
gether accurate,  since  this  reagent  will  effect  the  precipitation  of  alkaloids  and 
kreatinin  {Jaffe^^'')  in  the  urine.  It  must,  however,  be  studied,  for  it  has  become 
the  basis  of  a  well-known  method  for  the  approximate  estimation  of  the  quantity 
of  albumin  in  that  fluid.  In  this  connection  it  will  engage  our  attention  later  on 
(p.  262). 

Colour  Reactions.— Yin&Wj,  the  albumin  group  yields  a  number  of  colour  re- 
actions, many  of  which  are  applicable  to  the  purpose  of  detecting  its  members 
when  contained  in  the  urme.  Amongst  these  are  the  hiii,ret  test  already  men- 
tioned, and  Milton's  reaction.  The  xanthoproteic  test,  and  the  colour-reactions  of 
M.  SchuUze,  AdamJcicioicz,  and  Frohde,^^^  hardly  call  for  special  mention  here,  since 
their  application  chemically  for  the  determination  of  serum-albumin  has  no 
advantage  which  does  not  belong  to  the  methods  adopted  in  the  text.  For  par- 
ticulars concerning  the  use  of  sulphuric  and  hydrochloric  acid  as  colour  tests  for 
albumin,  the  reader  may  consult  Liebcrmann,  0.  Wurster,  and  E.  SalkowsU.^^'' 

Millons  Reaction  calls  for  fuUer  notice.  If  to  a  solution  containing  albumin 
mercuric  nitrate  be  added,  and  heat  applied  to  boiling,  the  further  addition  of 
potassium  nitrite  wUl  cause  the  precipitate  (if  any)  and  the  supernatant  fluid  to 
turn  red.  The  reaction  is  common  to  all  the  monohydroxyl-benzol  derivatives 
(0.  Nasse'^^^).  As  a  test  for  albumin  it  is  somewhat  ambiguous,  inasmuch  as  it 
can  also  be  obtained  from  members  of  the  aromatic  series.  In  this  connection 
we  shall  have  occasion  to  refer  to  it  again. 

Schick  has  applied  Zouchlos's  proteid  test  to  clinical  purposes.  It  has  no 
advantage  which  does  not  belong  also  to  those  described  at  pp.  255-257.  A.  B. 
Cohen  advocates  the  use  of  potassic  iodide  and  the  iodide  of  bismuth  and 
potassium  in  acid  solutions.  He  claims  for  this  test  greater  accuracy  than  it 
possesses,  since  alkalis  are  thrown  down  by  it  as  well  as  albumin. 

G.  Roch  and  /.  A.  Macicilliam^^^  have  employed  salicyl-sulphonic  acid  as  a 
means  of  discriminating  serum-albumin  from  albumoses  and  peptone.  Salicyl- 
sulphonic  acid  is  readily  soluble  in  water,  and  if  a  concentrated  solution  be 
added  to  an  acid  urine  which  contains  albumin,  a  turbidity  or  a  precipitate 
(according  to  the  proportion  of  albumin  present)  wUl  result.  Should  peptone  or 
albumoses  be  also  present,  this  precipitate  diminishes  on  boiling,  and  recm-s 
when  the  mixture  cools.  An  acid  reaction  is  necessary  for  the  application  of 
this  test,  and  should  the  urine  be  alkaline,  it  must  be  treated  previously  with 
acetic  acid.  In  the  author's  experience,  the  test  is  very  suitable  for  distinguish- 
ing albumin  from  albumoses  and  peptone,  as  Macivilliam  has  pointed  out.  V. 
Ewjcl,  however,  contends  that  it  is  not  in  any  way  to  be  preferred  to  the  method 
given  on  p.  266.'®'' 

\Mncioilliam  applies  the  test  in  the  following  way  :-About  20  drops  of  the 
urine  is  placed  in  a  very  small  test-tube,  and  one  or  two  drops  of  a  saturated 
watery  solution  of  the  reagent  is  added,  or  a  little  more  if  the  urine  is  strongly 
alkaline  The  tube  is  rapidly  shaken  and  the  fluid  at  once  inspected.  Opal- 
Pscence"or  turbidity  recurring  immediately,  i.e.,  in  one  or  two  seconds,  is  an 
indication  of  greater  delicacy  than  the  cold  nitric  acid  test.  If  turbidity  appears 
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after  a  longer  time,  ns  from  one-half  to  two  minutes,  tliis  implies  the  presence  of 
a  very  minute  trace  of  albumin.  The  fluid  is  next  boiled.  The  precipitate,  if 
due  to  serum-albumin  and  globulin,  does  not  disappear,  but  becomes  fiocculent, 
while  a  precipitate  from  tlie  presence  of  albumoses  and  peptone  clears  up  before 
the  boiling-point  is  reached.  For  salicj'l-sulphonic  acid  as  a  test  for  deutero- 
albumose  and  peptone,  see  p.  268.] 

The  first  three  tests  described  above  (pp.  255,  257),  wlien  talcen  to- 
getlier,  afibrd  a  means  of  discriminating  between  tlie  difterent  forms  of 
albumin  which  are  apt  to  occur  in  the  urine. 

(i.)  If  in  a  given  case  the  tests  1-3  sliould  all  give  positive  results, 
it  may  be  concluded  that  the  proteid  present  is  in  the  form  of  serum- 
albumin,  usually  in  conjunction  witlr  a  small  proportion  of  globidin; 
but  the  jDresence  or  absence  of  peptone  or  albumose  in  addition  remains 
undetermined. 

(2.)  If  the  urine  contains  but  a  small  quantity  of  serum-albumin 
alone,  only  the  first  two  tests  wiU  give  any  result. 

(3.)  If  the  first  test  fails  to  disclose  the  presence  of  albumin,  while 
a  precipitate  is  formed  on  the  addition  of  acetic  acid  in  the  second,  this 
may  consist  of  mucin  or  resinous  acids.  In  the  latter  case,  it  is  soluble 
in  alcohol. 

(4.)  If,  on  the  application  of  test  i,  no  result  is  at  first  obtained,  but 
a  precipitate  forms  on  cooling  the  specimen,  this  precipitate  may  be 
removed  by  filtration  and  tested  by  test  3  (biuret  test),  wben  the  charac- 
teristic reaction  will  point  to  the  presence  of  albumose.  In  such  a  case, 
the  inference  is  strengthened  if  the  pure  or  diluted  urine  responds  to 
test  2,  and  if  test  3,  when  applied  to  the  urine  directly,  produces  an 
abundant  precipitate.  Further  investigation  may  then  be  conducted  in 
the  manner  indicated  at  p.  269. 

(5.)  Again,  if  tests  i  and  2  are  imattended  -with  any  result,  if  acetic 
acid  alone  will  not  cause  a  precipitate,  and  if  test  3  at  the  same  time 
discloses  the  presence  of  albumin,  it  may  be  concluded  Avith  certainty 
that  the  urine  contains  a  large  proportion  of  peptone.  This  condition 
is  doubtless  very  rare.  The  author  has  met  with  it  several  times— 
repeatedly  in  the  resolution  stage  of  severe  pnemnonia,  and  further  in 
a  case  of  acute  rheiunatism,  when  serious  and  extensive  joint  symptoms 
were  rapicUy  disappearing  under  the  influence  of  preparations  of  sali- 
cyhc  acid.  For  the  more  accurate  determination  of  peptone,  it  will 
usually  be  necessary  to  resort  to  the  method  described  at  p.  266. 

By  proceeding  in  the  order  indicated,  it  will  be  possible  to  form  some 
judgment  as  to  the  character  of  the  proteids  under  investigation,  and 
this,  as  we  shall  see  presently,  is  often  a  point  of  interest  clinically. 

(yS.)  Quantitative  Estimation  of  Albumin. 

I.  By  weif/hf.—A  certain  quantity  of  the  urine— 60-100  cc,  accord- 
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ing  as  it  i.s  rich  in  albnmin  oi'  otherwise — is  placed  in  a  beaker,  and 
lieated  on  the  water-batli.    A  two  per  cent,  sohition  of  acetic,  acid  is 
tlien  added,  drop  by  drop,  until  the  albumin  has  separated  in  flocculent 
masses,  when  the  fluid  is  boiled,  and  passed  through  an  ash-free  filter 
of  knoAvn  weight.    The  precipitate  on  tlie  filter  is  washed  successively 
with  water,  alcohol,  and  aether,  and  heated  to  a  constant  density  at 
i20°-i30°  C.    The  filter  is  again  weighed,  and  the  difference  in  weight 
due  to  the  precipitate  is  that  of  the  albnmin  in  the  quantity  of  urine 
taken.     Devotds^^^  plan  is  still  better.     The  albumin  is  precipitated 
with  ammonium  sulphate,  coagulated  in  the  steam-bath,  and  the  pre- 
cipitate washed  with  boiling  water  until  the  filtrate  no  longer  becomes 
cloudy  on  standing,  or  with  the  addition  of  sodium  chloride.  The 
precipitate  is  then  washed  with  alcohol  and  sether,  and  the  remainder 
of  the  process  is  conducted  as  before.    To  ensure  greater  accuracy  in 
the  result,  it  will  be  necessary  to  ascertain  the  amount  of  ash  in  the 
filter,  and  to  allow  for  it.    Tliis  may  be  accomplished  by  burning  the 
filter  with  the  albumin  upon  it  in  a  platinum  crucible  of  known 
Aveight.i«'5    For  such  determinations  the  use  of  glass-wool  filters  is  to 
lie  recommended. 

2.  The  Methods  of  Boberts,  Stolnilmo,  and  Brandberg^^'^  for  the 
approximate  estimation  of  albumin  are  aU  based  upon  the  principle  of 
Heller's  test,  and  are  highly  serviceable.  The  principle  referred  to 
may  be  expressed  by  the  fact,  that  the  richer  the  urme  is  in  albimiin, 
the  more  quickly  turbidity  is  developed  in  the  use  of  Heller's  test.  If 
in  loo  cc.  of  urine  there  is  0.0034  gramme  {Roberts),  or  0.004  gramme 
{StolniJwio)  of  albumin,  the  fluid  begins  to  cloud  after  the  lapse  of 
35-40  seconds,  and  becomes  plainly  turbid  in  minute. 

Brandherr/s  modification  of  Roberts'  and  Stohiikow's  methods  gives 
the  best  and  most  accurate  results.  This  observer  has  fotmd  that  in  a 
solution  of  one  part  albumin  in  30,000  of  water,  and  consequently  in 
urine  holding  0.0033  per  cent,  of  albumin.  Heller's  reaction  will  take 
place  in  2^-3  minutes,  and  upon  this  fact  he  has  based  his  method. 
It  is  conducted  thus :— The  urine  to  be  examined  is  first  submitted 
directly  to  Heller's  test.  If  a  precipitate  is  obtained,  a  measured  bulk 
of  the  fluid  is  diluted  in  a  graduated  tube  with  nine  times  its  quantity 
of  water  (i  inio  urine),  and  Heller's  test  is  again  applied  to  the  nux- 
ture  in  the  foUowing  manner :— In  a  test-tube  of  about  i  cm.  diameter, 
some  pure  nitric  acid  is  placed  with  a  pipette,  and  in  such  a  manner 
as  not  to  touch  the  sides  of  the  tube.  The  latter  is  now  inclined,  and 
the  diluted  (i  in  10)  urine  is  carefully  poured  from  a  graduated  burette 
along  its  lower  surface,  so  that  it  may  float  upon  the  acid  without 
blendin".  Two  cc.  may  be  placed  in  the  test-tube  in  this  way.  Suppose 
now  that  an  obvious  clouding  of  the  fluid  takes  place  before  the  lapse  of 
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three  minutes,  tlie  diluted  (i  in  lo)  urine  contains  more  than  0.0033  P^^' 
cent.,  and  the  pure  urine  therefore  more  than  0.033  per  cent,  of  albumin. 
If,  on  the  other  hand,  the  albuminous  cloudy  ring  take.s  longer  than 
three  minutes  to  develop,  it  is  known  tliat  the  simple  urine  holds  less 
than  0.033  per  cent,  alliumin  in  solution.  In  the  first  case  the  mixture 
is  further  diluted  by  Brandheni  in  this  manner: — Five  test-tubes  are 
taken,  and  in  each  he  places  2  cc.  of  the  diluted  urine.  To  the  first  he 
then  adds  4  cc.  of  water;  to  the  second,  13  cc.  ;  to  the  third,  28  cc.  ;  to 
the  fourth,  43  cc. ;  and  to  the  fifth,  58  cc.  He  then  repeats  the  test 
with  each  of  tliese.  If  in  the  case  of  one  of  them  the  reaction  occurs 
in  the  space  of  2^-3  minutes,  it  follows  that  the  fluid  in  the  particular 
test-tube  contains  0.0033  P^r  cent,  albumin ;  and  from  this  the  propor- 
tion of  that  substance  in  the  undiluted  urine  may  be  directlj*  calculated 
by  the  following  formula  :— 

k  +  X  . 
/.■.30 

Where 

p  =  percentage  of  albumin  in  the  undiluted  urine. 

/r  =  the  quantity  of  i  in  10  diluted  urine  in  each  test-tube. 

X  =  the  quantity  of  water  used  for  dilution. 

Bramlberg  has  compiled  for  the  use  of  the  practitioner  a  practical 
table  by  Avhich  the  percentage  of  albumui  can  be  readily  computed 
from  these  data  withoiit  the  trouble  of  calculation.  It  is  reproduced 
here  with  slight  modification.i''s  Its  conclusions  are  based  upon  the 
supposition  that  turbidity  ensues  three  minutes  after  the  application  of 
Heller's  test : — 

I.  2  cc.  i/io  urine,  0.05  o.io  0.15  0.20  0.25  0.30  0.35  0.40  0.45  0.50  %  albumin. 
II-  147      10      13     16     19     22     25     28  cc.  water. 

I.  2  cc.  i/io  urine,  0.55  0.60  0.65  0.70  0.75  0.80  0.85  0.90  C.95  i.oo  %  albumin. 
II-  31     34    37    40     43     46     49     52     55      58  cc.  water. 

I.  2cc.  i/io  urine,  1.05  i.io  1.15  1.20  1.25  1.30  1.35  1.40  1.45  1.50  %  albumin. 
II-  6r     64    67     70     73     76     79     82     85      88  cc.  water. 

The  figures  in  the  horizontal  line  marked  II.  indicate  the  quantity 
of  water  in  cc.  which  must  be  added  to  the  2  cc.  of  the  i  in  10  diluted 
urine  in  order  that  turbidity  may  occur  in  three  minutes.  In  line  I.  are 
exhibited  the  corresponding  percentages  of  albumin  in  the  specimen  of 
urine  taken. 

In  applying  this  method,  it  will  be  convenient  to  have  a  burette  filled 
with  the  I  in  10  diluted  urine,  and  another  containing  distilled  water. 
In  each  of  one  series  of  test-tubes  may  then  be  placed  an  equal  quantity 
of  niti'ic  acid,  with  the  precautions  indicated  above  ;  and  in  those  of 
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another  2  ce.  nf  Llic  1  in  10  dihited  iiiiiic  and  Viiryiii^^  (iiuuitities  of 
distilled  water  (see  Table).    A  preliminary  experiment  i.s  first  made,  and, 
according  as  this  experiment  shows  an  excess  above  or  deficiency  from 
the  standard  percentage  of  albumin,  more  or  less  diluted  mixtui'cs  of 
2  cc.  i/io  urine  +  water  are  prepared.    These  mixtures  of  urine  and 
water  in  the  second  series  are  now  tested  by  placing  them  witli  a  pipette 
on  the  surface  of  the  nitric  acid  in  the  test-tubes  of  the  first  series,  until 
that  one  is  reached  in  which  the  alliuminous  ring  takes  precisely  three 
minutes  to  form,  and  from  this  the  proportion  of  albumin  in  the  urine 
is  calculated.    To  take  an  example  : — Suppose  it  is  found  in  this  way 
that  turbidity  occurs  after  the  lapse  of  three  minutes  from  the  addition 
to  the  nitric  acid  of  the  fluid  in  a  particular  test-tube,  and  that  this 
fluid  has  been  formed  by  the  admixture  of  13  cc.  of  water  to  the  2  cc. 
of  I  in  10  diluted  urine:  reference  to  the  table  will  show  that  0.25 
corresponds  to  this  number,  13,  and  consequently  the  urine  contains  0.25 
per  cent,  of  albumin.    If,  however,  the  fluid  in  the  test-tube  to  which 
13  cc.  of  Avater  has  been  added  fails,  when  tested,  to  become  turbid,  or 
does  so  only  after  a  longer  interval,  a  less  highly  diluted  mixture  must 
be  examined  in  a  similar  way— as,  for  instance,  the  contents  of  the  tube 
to  which  10  cc.  Avater  have  been  added,  and  so  successively  Avith  the 
others  (7  and  4  cc.  dilution),  until  the  required  result  is  obtained.  If, 
on  the  other  hand,  the  mixture  in  the  test-tube  diluted  Avith  13  cc. 
exhibits  turbidity  directly,  the  test  must  be  repeated  with  those  toAvards 
the  other  extremity  of  the  scale— namely,  those  containing  16,  19,  22, 
&c.,  cc.  respectively— until,  as  before,  one  is  found  in  Avhich  the  pheno- 
menon occurs  after  the  lapse  of  precisely  three  minutes.    Let  this  be 
the  fluid  formed  by  the  admixture  of  25  cc.  from  the  burette  containiag 
distilled  Avater  ;  then  the  table  Avill  be  found  to  give  0.45  as  the  cor- 
responding figure,  and  the  urine  under  examination,  therefore,  contains 
o  45  per  cent,  allaumin. 

This  method,  when  carefully  conducted,  is  altogether  satisfactory. 
Hammarsfen  has  compared  its  results  Avith  those  obtained  by  the  pro- 
cess of  Aveighing,  and  has  found  that  the  two  correspond  Avithin  0.206 
per  cent. 

3.  Estimation  of  albumin  hij  precipitation  with  picric  acid  and  Esbach's 
aUniminiineter.^''^ 

The  advantage  of  this  proceeding  is  its  simplicity.  It  is  open  to 
certain  fallacies,  contingent  upon  the  unsatisfactory  character  of  the 
reagent  used  (see  p.  258) ;  but  it  caUs  for  description  here  as  affording 
the^physician  a  practical,  if  only  approximate,  means  of  determinmg  the 
proportion  of  albumin  in  the  urine. 

Ten  rrrms.  of  pure  picric  acid  and  20  grms.  of  pure  citric  acid  are  dis- 
solved hi  900  cc.  water.    When  the  solution  is  thoroughly  cool,  water 
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is  further  added  to  1000  ec,  and  tlie  mixture  is  eniphjyed  as  a  preci- 
pitating agent.  An  instrument  called  the  albuininimeter  is  further 
needed?  This  is  a  vessel  resembling  a  test-tube,  of  stout  glass.  At  its 
upper  part  it  bears  a  mark,  R,  and  lower  down  another 
mark  U.  The  lower  third  is  graduated,  and  the  divi- 
sions, which  are  numbered  from  i-7,  are  so  disposed  that 
the  intervals  between  successive  units  diminish  from 
below  upwards  (fig.  126).  For  the  purpose  of  the  ex- 
periment, the  albumiuimeter  is  used  in  the  following 
manner : — It  is  filled  with  urine  up  to  the  mark  U,  and 
the  reagent  is  then  added  until  the  surface  of  the  fluid 
reaches  to  the  mark  R.  The  thumb  is  then  applied  to 
the  mouth  of  the  instrument,  and  it  is  reversed  several 
times,  until  the  fluids  are  well  mixed.  It  is  then  covered 
with  an  india-rubber  stopper,  and  allowed  to  stand 
upright  for  twenty-four  hours.  After  this  the  height 
of  the  sediment  in  the  tube  is  read  off  by  the  scale  upon 
its  surface.  This  is  constructed  so  that  ihe  numbers 
express  the  proportion  of  albumin  in  grammes  to  the 
litre.  Should  it  happen  in  a  particular  case  that  the 
upper  limit  of  the  sediment  overtops  the  number  7  at 
the  highest  point  of  the  scale,  i.e.,  where  the  proportion 
of  albumin  exceeds  7  per  cent.,  the  experiment  must  be 
repeated  Avith  diluted  urine.  And  it  Avill  save  time  if 
the  urine  be  diluted  at  the  outset,  wherever  it  has  been 
shown  by  a  qualitative  test  to  be  comparatively  rich  in 
albumin.  It  occasionally  happens  that  the  albuminous  precipitate  will 
not  cohere,  or  it  may  remain  floating  in  the  fluid.  In  such  cases  the 
method  is  inapplicable. 

The  quantity  of  albumin  present  can  be  estimated  only  approximately 
liy  this  method.  The  experiments  of  Czajpek^'^  have  shown  that  its 
merit  is  enhanced  if  certain  precautions  be  observed  in  its  use.  The 
urine  to  be  tested  should  be  fresh  and  acid,  and  of  low  specific  gravity, 
to  which  end  it  may  be  diluted.  The  fluid  should  not  contain 
more  than  four  gnus,  albumin  to  tlie  litre,  and  should  be  kept  for 
twenty-four  hours  in  the  albumininieter  at  a  moderate  temperatiu-e 
hefove  the  reading  is  taken.  Finally,  the  figures  on  Esbach's  instrument 
are  too  low.  The  best  results  are  obtained  wliere  the  urine  is  below 
i.oio  specific  gravity,  and  does  not  hold  more  than  0.2  per  cent, 
albumin.  The  conclusions  set  forth  liere  are  confirmed  by  Soko- 
low  and  TJl.  Geislei:'^'^  Clivistensen's'^'-^  albumiuimeter  is  applied  on 
the  same  principle,  tannic  acid  being  used  to  throw  down  albumin. 
AVith  the  instrument  the  process  may  be  performed  more  rapidly,  but 
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the  results  are  less  accurate  tliau  with  Eshadts  {G'ewler,^'^  Wavor, 
Federer). 

This  luetliod  is  appropriate  to  the  case  of  transitory  or  febrile  albu- 
minuria, and  it  is  inapplicable  where  the  urine  may  be;  sui)ix)sp(l  to 
contain  quinine,  antipyrin,  or  thallin. 

From  comparisons  made  by  lUdtter,  it  apjiears  that  Esl)ach's  method 
is  far  less  accurate  than  Brmidberg'?.  It  is  open  to  very  considerable 
t)bjections,  and  can  be  relied  upon  only  withui  broad  limits. 

Noel  Paton  employs  the  albuminimeter  to  determine  the  proportion 
of  albumin  in  a  urine.  From  another  ])ortion  of  the  same  mine  he 
precipitates  globulins  with  magnesium  sulphate,  as  Hammarsten  does, 
and  again  tests  the  "  globulin-free  "  urine  with  Esbacli's  albuminimeter. 
From  the  difference  in  the  two  results  he  infers  the  quantity  of 
globulins  present.  This  plan  is  commended  by  its  author,  but  the 
process  obviously  partakes  of  the  uncertainty  which  is  inseparable  from 
the  iise  of  the  albuminimeter. 

It  may  be  noticed  ih&t  H\ip pert  and.  Zdhtir'^'^  ha.\-c  endeavom-ed  to  found  a 
quantitative  method  of  estimating  albumin  uj)on  the  comparative  specific  gravity 
of  the  urine.  Its  efficiency  has  not  yet  been  sufficiently  tested,  but  it  may  prove 
to  be  of  service  clinically. 

2.  Peptonuria. — This  condition  has  been  invested  with  very  great 
interest  since  the  discovery  by  Hofmeisier  of  a  comparatively  simple 
chemical  test  for  the  detection  of  peptone. 

So  far  as  our  present  knowledge  extends,  the  causes  of  peptonuria 
are  quite  different  from  those  to  ^vhich  the  other  forms  of  albuminuria 
are  due.  Neither  nephritis,  circulatory  disturbances,  nor  anaemia,  will 
bring  about  the  appearance  of  peptone  in  the  urine.  Its  presence  there 
is  most  commonly — though  not  invariably — associated  with  such  pro- 
cesses as  are  characterised  by  the  collection  and  subsequent  destruction  of 
leucocytes  under  such  circumstances  that  the  products  of  disintegration, 
including  the  peptone  constituent,  of  these  bodies  can  obtain  admission 
into  the  blood-streani,  to  be  subsequently  eliminated  by  the  kidneys. 

To  the  condition  arising  in  this  way  the  name  Pyogenic  ppj/tomiria 
has  been  given  (Hofmeitster,  Maixner,  v.  Jalisch)}'^  It  occurs  chiefly 
in  the  resolution  stage  of  pneumonia,  in  purulent  pleuritic  exudation, 
and,  in  general,  in  suppuration  wherever  situated,  provided  that  the 
conditions  are  favourable  to  the  absorption  of  the  constituents  (peptone) 
of  the  pus. 

•  Peptone  has  further  been  found  abundantly  in  the  urine  in  purulent 
meningitis,  acute  articular  rheumatism,  the  suppuration  of  phthisis — 
briefly,  in  nearly  all  those  states  which  are  attended  with  the  formation 
and  breaking  down  of  pus. 
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Tt  follows,  therefore,  that  the  detection  of  peptone  in  the  urine  goes 
far  to  warrant  the  inference  that  suppurative  changes  are  in  progress 
in  some  pai't  of  the  system,  but  such  an  inference  must,  in  all  cases,  be 
strengthened  hy  the  exclusion  of  the  other  known  causes  of  peptonuria. 

Amongst  these  are  seA'ere  cases  of  scurvy,  tending  towards  a  fatal 
termination  (hce7)iato(/e7iic  j:>eptoiiuna)  (v.  Jalsch).'^'^ 

Maixnpr  '^^'^  has  also  shown  that  in  ulceration  of  the  intestine,  peptone 
derived  from  the  food  may  pass  directly  into  the  blood  through  the 
ulcerated  parts,  and  so  give  rise  to  this  condition  {enterogenic  peptonuria), 
an  observation  confirmed  indirectly  by  those  of  Pacanoivsld.^^^  A 
number  of  cases  have  also  been  reported  in  which  pej)tone  found  in  the 
urine  m^is  attributed  to  phosphorus  poisoning ;  and  Fischel  has  shown 
that  it  is  normally  a  constituent  of  the  urine  in  the  puerperal  state 
{puerperal  peptonuria). 

These  facts  are  mentioned  chiefly  to  show  that  peptonuria  does  not 
always  imply  suppuration ;  but  these  other  conditions  being  excluded, 
it  is  a  valuable  diagnostic  sign  of  that  process.  It  is,  moreover,  avail- 
able as  a  means  of  prognosis  and  of  testing  the  progress  of  certain 
diseases  attended  with  the  resolution  of  pus.  Thus,  when  peptone  is 
found  in  the  urine  in  the  course  of  pneumonia,  it  indicates  tliat  the 
stage  of  softening  has  begun.  Again,  in  connection  Avitli  abdominal 
tumours  or  pleuritic  effusion,  it  shows  their  purulent  character;  and 
in  purulent  meningitis  its  manifestation  varies  with  tbc  severity  of  the 
disease — peptonuria  occurring  together  with  a  relapse,  and  so  on. 

As  a  means  of  discriminating  between  tubercular  and  epidemic  cere- 
bro-spinal  meningitis,  the  presence  of  peptone  in.  the  urine  is  occasion- 
ally a  fact  of  crucial  significance.  It  is  characteristic  of  the  latter  disease, 
and  its  absence  in  presence  of  the  clinical  symptoms  of  meningitis  in  all 
cases  impUes  a  tubercular  character.  Obviously,  however,  peptonuria 
may  arise  accidentally  in  the  course  of  tubercular  meningitis  :  and  in 
basing  a  diagnosis  upon  this  condition,  care  must  be  taken  to  ascertain 
that  it  is  not  due  to  ulcerative  processes  in  other  organs,  and  especiaUy 
to  exclude  implication  of  the  lungs. 

Again,  in  the  condition  which  has  been  called  "sepsis  occulta,"  and 
which  is  commonly  so  difficult  to  recognise,  peptonuria  is  an  important 
symptom.  By  its  aid  especially  it  will  be  possible  to  distinguish  the 
symptoms  of  septicaemia  from  those  of  latent  disseminated  Sarcoma, 
whicli  present  quite  a  similar  clinical  character  (high  fever,  rigors). 

In  a  case  which  came  under  Prof.  NothnageVs  care,  there  had  been  ri-ors  and 
a  high  temperature  maintained  for  a  long  period,  and  no  other  symptoms  what- 
ever. These  were  ascribed  to  the  formation  of  a  deep-seated  abscess.  The  urine 
was  repeatedly  examined  for  peptone  without  result.  The  poH-mortcM  showed 
disseminated  sarcomatous  nodules. 
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Tlu"  author  lias  been  engaged  for  many  years  in  investigating  the 
subject  of  peptonuria,  and  he  feels  warranted  in  asserting  that  its 
clinical  value  as  a  symptom  is  very  great.  It  may  be  that  further  ex- 
l)erience  will  extend  and  distribute  its  import ;  but  there  can  be  little 
doubt  that  the  significance  attaching  at  present  to  the  form  with  which 
we  are  best  acquainted— that  of  pjogmic  peptonuria— vfWl  not  diminish 
with  the  progress  of  knowledge.  Recent  investigations  tend  in  the 
fullest  manner  to  confirm  this  view.^^:!  Peptonuria  is  frequently  met 
with  in  connection  with  syphilis  {Puehiy^^  Modern  science  furnishes 
an  adequate  explanation  in  many  instances  where  the  condition  is  found ; 
for,  granting  that  micro-organisms  have  the  property  of  changing  allaumin 
into°peptone,  it  is  probable  that  they  can  also  cause  the  latter  to  appear 
in  the  urine  {Mya,  Belfanti)}^^ 

Detection  of  Peptone.— The  methods  of  Eofmeister  and  Devoto  wiU 

be  described  here. 

I.  Hofmeister's  Method.— The  urine  should  first  be  tested  for  albumin 
by  the  three  processes  described  above  (pp.  255,  257).    If  tests  i  and  2 
cive  no  result,  and  no  precipitate  forms  on  the  addition  of  acetic  acid 
alone,  the  presence  of  peptone  may  be  shown  by  the  biuret  test  (see  p. 
257),  but  only  when  this  body  is  in  great  alnuidance.    If  it  is  not  so, 
the  result  in  this  case  will  be  also  negative.    A  further  prelimmary  test 
may  be  applied  by  adding  first  concentrated  acetic  acid,  and  then  a 
mixture  of  acetic  and  phospho-tungstic  acids.    If  clouding  takes  place 
either  directly  or  after  the  lapse  of  a  short  interval,  it  may  be  concluded 
that  peptone  is  present.    The  inference  is  rendered  stiU  more  certam  if, 
before  the  application  of  the  test,  a  little  neutral  acetate  of  lead  be  added 
(to  precipitate  mucin),  until  a  flocculent  precipitate  appears.    If  the 
test  again  gives  positive  results,  peptone  is  present ;  if  it  remains  nega- 
tive, the  urine  is  peptone-free.    This,  however,  only  holds  good  where 
the  urine  contains  a  considerable  amount  of  peptone. 

Ho/mister's  test  is  more  accurate.  Assuming  that  the  pre^aous 
methods  have  failed  to  disclose  albumin,  the  urine  is  treated  with 
neutral  acetate  of  lead  and  filtered.  The  clear  filtrate,  which  should 
amount  to  not  less  than  500  to  600  cc.  in  volume,  is  acidulated  with 
hydrochloric  acid,  and  phospho-tungstic  acid  is  added  untd  a  precipitate 
ceases  to  form  with  it.    The  fluid  is  then  filtered  without  delay. 
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oil  the  tilter  with  five  parts  concentrated  sulphuric  acid  in  100  of  water, 
until  the  fluid  which  passes  through  is  colourless.  In  this  way  the  salts 
are  got  rid  of.  The  precipitate,  while  still  wet,  is  Avashed  from  the 
filter  Avith  as  little  water  as  possible,  and  is  received  in  a  watch-glass. 
Barium  carbonate  is  added  until  the  mixture  is  alkaline,  and  the  latter 
is  then  placed  on  a  water-bath  at  boiling-point,  and  heated  for  ten  to 
fifteen  minutes,  and  the  biuret  test  (p.  257)  applied.  Peptone  is  shown 
by  the  formation  of  a  colour  ranging  from  bluish-red  to  violet,  and 
A'arying  in  intensity  according  to  the  quantity  present.  If  this  be  only 
a  trace,  the  resulting  colour  is  of  a  dirty  red  or  dull  violet.  The  accom- 
panying precipitate  of  baryta  need  not  confuse  the  experiment ;  but 
should  any  doubt  exist  as  to  its  result,  the  entire  preparation  may  be 
placed  in  a  test-tube  and  allowed  to  stand  for  a  few  minutes.  The 
]irecipitate  then  falls  to  the  bottom,  and  the  fluid  displays  the  charac- 
teristic tints — from  dull  red  to  violet — if  it  contains  peptone.  If  that 
body  be  absent,  it  has  a  greenish  colour. 

If  either  of  the  first  two  tests  (p.  255)  should  show  the  presence  of 
albumin,  whilst  the  addition  of  acetic  acid  and  ferrocyanide  of  potas- 
sium after  filtration  causes  only  very  slight  turbidity,  the  albumin  must 
be  removed  by  combination  Avith  a  metallic  oxide — and  best  with 
oxide  of  iron — in  the  following  manner  : — A  solution,  first  of  acetate  of 
soda  and  then  of  perchloride  of  iron,  is  added  to  the  urine.  This  is 
exactly  neutralised  with  caustic  potash,  boiled,  filtered,  and  alloAved  to 
cool.  Tests  I  and  2  are  next  applied.  If  neither  discloses  albumin,  and 
if  also  with  test  2  no  blue  colour  forms,  thus  shoAving  that  the  fluid 
is  free  from  iron,  the  further  process  is  that  described  above — hydro- 
chloric acid  is  added,  and  a  precipitate  obtained  by  the  \ise  of  phospho- 
tungstic  acid,  and  so  on,  as  before. 

If,  however,  after  the  precipitation  of  albumin  in  the  manner  indi- 
cated, one  of  the  tests  alluded  to  should  shoAv  that  the  fluid  is  not  yet 
free  from  that  body,  the  previous  tests  must  be  repeated  until  the 
filtrate  exhibits  no  trace  either  of  albumin  or  of  iron.  Should  the  former 
substance  be  present  in  the  urine  in  great  quantity,  it  may  be  removed 
in  large  proportion  by  heat,  and  Avhat  remains  may  l)e  siibsequently  got 
rid  of  in  the  manner  described  above. 

The  appUcation  of  this  method  in  the  case  of  highly  coloured  albu- 
min-free urine  has  the  contingent  advantage  that  it  involves  the 
removal  of  colouring  matters  Avhose  presence  might  be  a  source  of 
fallacy.  J.  A.  Sclmlter'^^^  recommends  that  the  urine  be  first  saturated 
Avith  ammonium  sulphate,  and  the  filtrate  proceeded  Avith  as  before. 
The  quantitative  estimation  of  peptone  may  be  elfected  by  the  colori- 
metric  process  of  Hofimister  and  Maixncr.^^'^ 

2.  Devoto's  Met/iod.—The  difficulties  attending  tlie  application  of 
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Ho/meister's  inetlioil  arc  a  serious  impediment  to  its  use.  That  of 
Devoto,^^^  M-hicli  will  lunv  be  described,  is  at  once  simi)le,  expeditious, 
and  cllicient. 

The  two  tests  have  given  identical  results  when  the  author  has  employed 
them  for  the  investigation  of  urine.  When,  however,  they  were  applied  to  the 
examination  of  the  blood  and  the  viscera,  there  was  less  conformity  between 
them,  Hofineistcr's  usually  indicating  peptone  where  Devoto's  failed  to  do  so.'*' 

To  200-300  cc.  of  urine  is  added  pure  crystalline  ammonium  .mlphate 
in  the  proportion  of  80  grms.  to  100  cc,  and  the  fluid  is  placed  in  a 
beaker  in  a  boiling  water-bath  for  half-an-hour,  at  the  end  of  which  the 
greater  part  of  the  salt  should  ha\'e  dissolved.    It  is  then  steamed  for 
half-an-hour  in  a  Budenbenfs  steam-steriliser,  the  vapour  being  kept  at 
100°  C.    In  this  way  all  the  proteids  (serum-albumin,  globulin,  haemo- 
globin, deutero-albumose,  peptone,  nucleo-albumin)  are  precipitated,  but 
only  serum-albumin,  globulin,  and  nucleo-albumin  (mucin)  are  thoroughly 
(and  hemoglobin  partly)  coagulated.    The  fluid  having  been  heated  to 
100°  C.  is  at  once  filtered.    The  filtrate  should  be  straw-coloured,  and 
free  from  albumin,  as  indicated  by  tests  i  and  2,  p.  255.     A  slight 
cloudiness  appearing  quickly  with  test  2  does  not  necessarily  imply  the 
presence  of  albumin.    A  decided  turbidity  or  a  precipitate  would  be  due 
to  a  proto-albumose,  or  more  probably  hetero-albumose.    Should  the  hot 
filtrate  be  cloudy,  or  give  the  proteid  reactions  (pp.  255,  257),  the  investi- 
gation has  miscarried,  and  must  be  repeated  from  the  begimiing.  The 
residue  on  the  filter  is  washed  first  with  hot  and  then  wnth  cold  water. 
The  resulting  filtrates  have  a  more  or  less  decided  brownish  tint.  These 
are  coUected,  and  to  one  portion  of  the  fluid  acetic  acid  and  ferrocyanide 
of  potassium  are  added  to  test  for  rdbumin.     Should  no  result  be 
obtained,  the  biuret  test  is  performed  with  a  portion  to  which  caustic 
soda  has  been  added  in  excess.    Any  albumin  shown  to  be  present  is 
certainly  peptone.    The  filtrate  from  the  hot  washings  may  exhibit  it, 
but  it  often  happens  that  peptone  first  becomes  recognisable  with  the 
biuret  test  in  the  filtrate  derived  from  the  cold  washings.  Several 
specimens  both  of  the  hot  and  cold  washings  may  be  tested  until  a 
positive  result  is  obtained. 

rv  Martin^''-  has  found  that  in  many  cases  of  supposed  peptonuria-especially 
of  peptonuria  in  connection  with  purulent  disease-the  morbid  constituent  of 
the  urine  was  deutero-albumose  and  not  peptone.  The  two  are  d.stmguished 
by  their  behaviour  in  solution.s  with  ammonium  sulphate;  deutero-albumose  is 
p'recipitated  by  saturation  with  this  salt,  while  peptone  is  not. 

MLmiam'^'  recommends  salicyl-sulphonic  acid  as  a  test  for  albumoses  and 
peptone.    Primary  alhmaoses  are  precipitated  by  a  saturated        ^  ^^f  "J^  J 
the  acid;  the  precipitate  disappears  with  heat,  and  i'^'-^PP'^'^^/'';^"  ^^^^^^^^^^^^^ 
cools.   Dculcro-alhuno^e  is  precipitated  by  the  reagent  when  the  fl^/^^J^;"^'";^ 
is  mixed  with  two  to  three  times  its  bulk  of  a  saturated  solution  of  ammonium 
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sulphate.  Peptone  is  readily  precipitated  by  salicyl-sulphonic  auid  in  saturated 
ammonium-sulpliatc  solutions,  and  the  precipitate  clears  up  on  lieating,  and 
reappears  when  tlie  liquid  cools.  The  peptone  precipitate  is  dissolved  by  the 
addition  of  water,  glycerine,  or  excess  oC  the  reagent.] 

3.  Albumosuria. — The  distinctive  character  of  this  condition  was 
formerly  thought  to  be  the  presence  in  tlie  urine  of  a  single  body,  to 
which  the  name  of  i)ropeptone  or  hemialbuniose  liad  been  given.  The 
researclies  of  modern  times,  however  {Kiiline,  Chittenden,  Herih'^^*), 
have  placed  the  matter  in  a  new  light,  and  the  first  two  observers  have 
sought  to  show  that  propeptone  is  really  a  mixture  of  four  different 
proteids.  However  this  may  be,  these  interesting  observations  cannot 
as  yet  be  brought  to  bear  upon  our  clinical  knowledge. 

Albumose  has  been  found  in  the  urine  in  connection  with  various 
diseases — as  osteomalacia,  dermatitis,  intestinal  idcer,  &c.  (Senator,  Ter 
Gregariantz,  v.  Jaliscli)P'''  In  severe  cases  of  osteomalacia,  wliich  were 
recently  itnder  treatment  by  Professor  Notlumrfel,  v.  Helly,  and  Schauta, 
the  author  failed  to  discover  albuiuosuria  ;  neither  has  he  detected  it  in 
advanced  rickets. 

Loel}^'^^  believes  that  he  has  discovered  propeptone  in  the  urine  in 
measles  and  scarlatina  (in  this  he  is  confirmed  by  Heller  1^"),  and  from 
the  observations  of  Kahler  and  Hupperf^^^  albumosuria  would  seem 
to  be  a  frequent  occurrence  in  inflammation  of  the  medulla  of  bones. 
Kvppner'^^'^  has  observed  albumosuria  in  mental  derangement.  The 
clinical  significance  of  this  state  is  modified  by  the  fact  that  Posner  200 
lias  detected  propeptone  in  the  seminal  fluid  (see  Chapter  IX.).  The 
presence  of  albumose,  when  it  occurs  alone,  may  be  determined  by  the 
consideration  of  results  derived  from  the  tests  given  for  the  detection 
of  albumin  generally.  If,  on  the  application  of  tests,  a  precipitate  first 
forms  on  cooling  the  specimen,  or  when  it  has  been  allowed  to  stand  for 
a  long  time  {vide  supra),  and  if  this  precipitate,  when  separated  on  the 
filter,  is  shown  by  the  biuret  test  to  consist  of  albumin,  a  fresh  specimen 
of  the  urine  may  be  submitted  to  test  2.  Li  doing  this,  it  may  be 
necessary  to  add  water,  since  albumose  is  readily  soluble  in  concentrated 
salt  solutions,  and  therefore  in  concentrated  urine.  ^Vliether  with  or 
without  this  precaution,  a  further  precipitate  with  test  2  suggests  the 
presence  of  albumose.  Another  specimen  should  now  be  saturated  with 
common  salt,  and  further  treated  witli  acetic  acid.  If  albumose  be 
present,^  a  precipitate  forms,  which,  after  the  addition  of  a  large  amount 
of  acetic  acid,  dissolves  when  heated  and  reappears  on  cooling..  A 
nitrogenous  body  resembling  albumose  was  found  by  Thormahlen  -'oi  in 
the  urine  in  a  case  of  hydatids  of  the  liver,  with  jaundice  and 
nephritis. 

When  the  urine  liolds  allnunose  in  conjunction  witli  serum-albumin, 
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the  latter  must  be  rcumvL'd  l)y  l)oiliiig  with  acetic  acid  and  chloride  of 
sodium  before  the  tests  are  applied.-"- 

4.  Globulinuria.— Globulin  probably  never,  or  almost  never,  occurs 
alone  in  the  urine,  but  generally  in  conjunction  with  serum-albumin. 
Consequently  its  iniport  in  disease  is  the  same  as  that  of  the  latter  body. 
[Serum-albumin  is  usually  present  in  greater  quantity,  but  in  severe 
organic  renal  disease  and  in  diabetes  Maguire  '^"'^  finds  that  the  proportion 
of  globulin  to  albumin  is  often  2.5  :  i.  Senator^-"*  asserts  that  more 
globulin  is  present  in  lardaceous  kidney  than  in  other  forms  of  Bright's 
disease.] 

To  Kauder  -"^  belongs  the  credit  of  discovering  a  simple  method  for 
the  detection  of  this  body  in  presence  of  serum-albumin.  The  lu-ine  is 
rendered  alkaline  Avith  ammonia,  allowed  to  stand  for  an  hour,  then 
filtered,  and  to  the  filtrate  is  added  its  own  volume  of  a  saturated  solu- 
tion of  sidphate  of  ammonium.  If  globulin  be  present  in  any  quantity, 
a  flocculent  precipitate  falls. 

By  an  extension  of  this  method  the  quantitative  estimation  of  globiilin 
may  be  effected.  With  this  object  the  precipitate  formed  is  treated  in 
the  manner  described  before  when  speaking  of  the  estimation  of  albumin 
by  weight  (p.  259),  (Po/i/).-^«« 

[Halliburton  adopts  the  foUowing  method  :— The  urme  is  neutral- 
ised and  then  saturated  with  magnesiuni-siilphate.  If  globuHn  be  pre- 
sent, a  precipitate  forms.  This  precipitate  may  be  coUected  on  a  filter 
and  dissolved  by  the  addition  of  water.  The  solution  coagulates  at 
75°  C.  When  the  urine  holds  a  large  quantity  of  globiUin,  Sir  William 
Boherts'  test  will  serve  for  its  recognition  :— A  deep  glass  vessel  is  filled 
with  water  and  the  lu-ine  is  added,  a  drop  at  a  time.  Each  cbop  leaves 
a  milky  track  behiaid  it,  and  when  much  mine  has  been  added,  the  fluid 
becomes  opalescent,  and  clears  again  on  the  addition  of  acetic  acid.] 

5.  Fibrinuria.— Fibrin  is  found  in  the  urine  in  cases  of  hsematuria 
and'  chyluria  {v.  infra).  It  then  usually  forms  coagula.  It  is  fomid, 
moreover,  as  a  consequence  of  inflammatory  exudation  in  the  urmary 
passages.  The  coagula  occur  most  commonly  in  croup  and  diphtheria, 
and  occasionally  in  tuberculosis. 

To  detect  fibrin  the  clots  should  be  separated  by  filtration,  washed 
with  water,  dissolved  by  boiling  in  solution  (i  per  cent.)  of  soda  or 
(5  per  cent.)  hydrocMoric  acid  {Hupperr~^%  and  the  fluid  tested  when 
cold  by  the  process  described  on  p.  256.  ,    ,   •  1 

6  Hematuria.— The  blood  which  occurs  in  the  urine  may  be  derived 
from  several  sources,  from  the  kidney,  renal  pelvis,  ureters,  bladder,  or 

urethra  (see  p.  218).  .  4.11,- 

In  well-marked  cases,  the  presence  of  blood  is  directly  suggested  In 
the  colour  of  the  urine,  which  varies  from  that  of  an  extract  of  raw 
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meat  to  a  ruby -red ;  but  inasuiuch  as  a  .similar  appearance  may  be  due 
to  hremoglobiu  in  solution  (hsemoglobinuria),  it  is  never  safe  to  base 
the  diagnosis  of  this  condition  upon  inspection  alone.  It  may  be 
accurately  determined  by — 

T.  Spectroscopic  Examination.— freshly-passed  urine,  wliich,  if 
deeply  coloured,  should  be  diluted  with  water,  will  exhibit  the  two 
absorption-bands  of  oxyhsemoglobin  (p.  60,  fig.  37),  and  these,  on  the 
addition  of  sulphide  of  ammonium,  give  place  to  the  absorption-band 
of  reduced  hemoglobin.  Lastly,  when  blood  containing  urine  has  stood 
for  some  time,  occasionally  even  in  fresh  urine,  the  spectrum  of  methfe- 
moglobin  may  be  looked  for  (p.  62,  fig.  42). 

2.  Hellei-'s  Test.^°^ — The  urine  is  treated  with  caustic  potash  and 
boiled.  The  (basic)  earthy  phosphates  are  then  precipitated,  and  to- 
gether with  them  the  hfematin  derived  from  the  oxyhBemoglobin  present. 
The  phosphatic  sediment  is  consequently  coloured  a  Iwight  red.  Should 
it  happen  that  the  urine  contains  abmidance  of  colouring  matter  (bile- 
pigment,  &c.),  which  renders  it  difficult  to  appreciate  the  colour  of  the 
sediment,  the  latter  should  be  separated  on  a  filter  and  dissolved  in 
acetic  acid.  The  solution  then  becomes  red  if  blood  be  present,  and  its 
colour  vanishes  gradually  on  exposure  to  the  air.^i^ 

Rosenthal  applies  the  test  for  hsemin  directly  to  the  dried  preci- 
pitate (see  p.  61).  Struve's'^^-  method  serves  well  for  the  detection  of 
blood-pigment.  The  urine  is  treated  with  ammonia  or  caustic  potash, 
and  the  fluid  then  rendered  acid  with  tannic  and  acetic  acids.  The 
presence  of  blood  is  shown  by  a  dark-coloured  precipitate,  Avhich,  when 
dried  and  treated  with  a  little  chloride  of  ammonium  and  glacial  acetic 
acid,  should  yield  Teichmann's  crystals.  This  test  is  very  sensitive,  but 
less  practicable  than  Heller's,  wliich,  Avith  the  spectroscopic  examination, 
best  meets  the  requirements  of  the  physician. 

3.  Almm's  Blood  Test.'^'^''^ — A  mixture  in  equal  parts  of  tincture  of 
guaiacum  and  mature  oil  of  turpentine  is  poured  on  the  surface  of  about 
10  cc.  of  the  urine.  The  presence  of  blood  is  shoAvn  by  the  appearance 
at  the  junction  of  the  fluids  of  a  ring  at  first  Avhite  and  afterAvards 
turning  blue. 

If,  in  addition,  the  microscope  reveals  the  presence  of  red  blood- 
corpuscles  (p.  218),  the  existence  of  haematuria  may  be  inferred,  and 
it  only  remains  to  judge  of  its  origm  on  the  principles  already  laid 
down.    For  its  cKnical  significance  the  reader  may  refer  to  p.  219. 

7.  Haemoglobinuria. — Sometimes  the  colouring-matter  of  tlu^  blood 
is  also  found  dissolved  in  the  urine  (see  p.  65).  This  condition  is 
apt  to  arise  in  the  course  of  acute  infectious  diseases,  in  burns,  and  in 
various  forms  of  poisoning.  In  the  latter  class  of  cases  it  is  always 
a  serious,  and  even  ominous  symptom.    It  has  been  observed  in  poison- 
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ing  by  implitliol and  carbolic  acitl,-^''  and  in  erysipelas.-'"  Hajmo- 
globinuria  is  known  as  an  idiopathic  affection -i"  (paroxysmal  hajino- 
globinuria),  and  as  such  often  occurs  in  connection  with  severe  .syphilis, 
[and  also  in  malaria  and  rheumatism,  when  the  attacks  appear  to  be 
determined  by  exposure  to  cold  {Taylor)\-^^ 

The  occurrence  of  hfemoglobinuria  may  be  inferred  Avhen  it  is  made 
evident  by  spectroscopic  analysis  and  the  application  of  Heller's  and 
Ahn^n's  tests  that  the  urine  contains  blood  colouring-matter,  -whilst  at 
the  same  time  the  microscope  discloses  smaller  or  larger  masses  of  brown 
pigment,  and  either  no  red  corpuscles,  or  so  few  as  are  inadequate  to 
account  for  the  results  obtained.  The  spectroscopic  appearances  are 
usually  those  of  metli£emogiobin  (p.  62,  fig.  42);  and  Hoppe-Seyler -^^ 
mamtains  that  in  this  condition  the  blood-pigment  is  always  in  the  form 
of  luetliEemoglobin.-^"  [In  seven  cases  of  paroxysmal  heemoglobmuria 
investigated  by  Halliburton,-^'^  methsemoglobiu  was  the  only  pigment 
present  in  three.  In  the  remaining  four  there  was  found  only  methaemo- 
globin  at  first,  but  in  a  few  hours  the  amount  of  pigment  increased,  and 
oxyhsemoglobin  appeared  as  well.  In  such  a  specimen  the  spectra  of 
methsemoglobin  and  of  oxyhsemoglobin  occur  together.  In  three  of 
Halliburton's  cases  serum-albumiii  was  present  in  the  begiiming  of  the 
attack,  and  in  one  its  appearance  preceded  that  of  the  blood-pigment. 
Albmninuria  has  been  observed  to  alternate  mth  haemoglobinuria,  and 
Fagge  has  described  a  paroxysmal  albimimuria  which  he  believed  to  be 
a  ndld  form  of  the  latter  (see  p.  252)]. 

8.  Muciauria  (Nucleo- Albuminuria). — The  presence  of  small  quan- 
tities of  nucleo-albumin  (mucin)  222  iu  the  urine  is  not  a  pathological 
symptom ;  when  found  in  greatly  increased  proportion  in  women,  it  is 
often  derived  from  the  vagina.  Such  an  increase,  originating  in  the 
urinary  passages,  invariably  points  to  catarrh  of  those  parts.  The  urme 
in  question  is  usually  turbid  when  passed,  and  after  a  little  while  it 
deposits  a  bulky  cloud.  The  latter  is  seen  by  the  microscope  to  contam 
leucocytes  and  epithelium  (p.  218).  Wlien  a  great  quantity  of  mucm 
is  passed,  it  forms  a  viscid  gelatinous  sediment  at  the  bottom  of  the 
urine-glass,  and  no  further  evidence  of  its  character  is  needed. 

For  the  detection  of  mucin  chemically,  the  urine  is  treated  with  an 
excess  of  acetic  acid,  Avhen  it  is  rendered  turbid  if  much  mucin  is 
present.  It  may  be  necessary  to  dilute  it  previously,  smce  concentrated 
urine,  being  rich  in  salts,  Avill  retain  mucin  in  solution  even  in  presence 
of  acetic  acid.  In  testing  for  the  presence  of  mucin  in  albuminous 
urine,  the  great  bulk  of  the  albumin  should  be  removed  by  boding  and 
filtering  previously,  and  the  filtrate-  allowed  to  cool. 

The  best  method  for  precipitating  mucin  from  urine  is  hy  the  addition 
<jf  acetate  of  lead  (vide  supra). 
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Fr,  Miille)'-^^  found  mucin  very  iibundcintly  present  in  the  urine  of 
Icuksemia.  Oheiinayer  maintains  that  it  is  invariably  to  be  met  with 
in  jaundice. 

II.  Carbohydrates. 

1.  Glycosuria. — Althougli  various  forms  of  sugar  are  occasional  con- 
stituents of  tlie  urine,  as,  e.g.,  sugar  of  milk  after  parturition,  and  inosite 
and  l£evulose  rarely,  the  consideration  of  these  will  nevertheless  hardly 
detain  us,  since  their  manifestation,  from  the  point  of  view  of  frequency 
and  importance,  possesses  but  little  practical  interest  in  comparison  with 
that  of  the  hexose  grape-sugar  (glucose,  glycose,  dextrose).  Our  re- 
marks here  will  be  confined  to  the  occurrence  and  tests  for  the  latter 
body. 

(a.)  Physiological  Glycosuria, — It  must  be  mentioned  at  the  outset 
that  normal  urine  contains  a  trace  of  sugar.  The  fact  of  a  physio- 
logical glycosuria  was  long  ago  laid  down  by  v.  Briicke,'^'^'^''  and  has 
quite  recently  derived  remarkable  confirmation.  226  WedensM  has  made 
use  of  Baumann's  discovery  tliat  benzoyl  chloride  forms  insoluble 
compoimds  with  the  carbohydrates  ;  and  applying  this  to  healthy  urine, 
he  succeeded  in  separating  from  the  precipitate  a  body  which  gave  all 
the  reactions  of  grape-sugar.  The  proportion  to  be  found  in  health, 
however,  is  so  small,  that  it  may  be  neglected  as  a  disturbing  factor, 
even  in  the  most  sensitive  of  the  tests  to  be  described.  [According  to 
Dr.  G.  Jolinson"--''  normal  urine  is  quite  free  from  sugar;  and  My.  G.  S. 
Johnson  ■^■^Ums  shoAvn  that  when  all  the  uric  acid  and  kreatinin  have 
been  removed  from  such  urme  by  precipitation  mth  mercuric  chloride, 
all  reducing  action  disappears  and  no  trace  of  sugar  can  be  found.] 

(b.)  Pathological  Glycosuria. 

(«.)  Transitory  6Y^cosMr-m.— Grape-sugar  may  appear  temporarHy  in 
the  urme  in  the  course  of  many  diseases,  as  cliolera,  intermittent  fever  22!> 
[typhus  and  typhoid],  cerebro-spinal  meningitis,  and  scarlatina,  230  [after 
attacks  of  whooping-cough,  asthma,  and  epUepsy  {Taylor) '~^^-]  in  affec- 
tions of  the  brain  involving  the  fourth  ventricle,  in  diseases  of  the  heart 
liver,  and  lungs,  m  gout,  and  in  tertiary  syphiHs  {Ordy-^^    It  has  also 
been  occasionally  observed  in  small  quantities  in  cirrhosis  of  the  liver 
Glycosuria  m  connection  with  these  diseases  is,  however,  very  rare  It 
IS  commoner  as  an  effect  of  certain  poisons,  notably  morphia  and  carbon 
monoxide  [after  the  mlialation  of  chloroform,  ether,  and  aniyl  nitrite  and 
m  poisomng  with  prussic  acid,  mercury,  and  curare.    In  some  of  Uiese 
cases  however  (morphia,  curare,  chloroform,  &c.),  it  has  been  shown 
that  the  substance  which  reduces  Fehling's  solution  in  the  urine  is  not 
sugar,  but  glycuronic  acid  {HalUburtony^'^-^.     The  author  has  found 
grape-sugar  m  the  urine  in  two  cases  of  advanced  asphyxia  from  "breath- 
ing irrespu'aljlc  gases  (a  mixture  of  carbonic  acid  and  nitrocren)  s^.'! 
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In  certain  diseases  tlie  function  of  sngar-assiniilation  is  depressed 
{Hofmeister),  and  when  that  substance  is  taken  as  fooil,  it  appears  tem- 
porarily in  the  urine.  This  happens  especially  in  hepatic  cirrhosis 
{Moritz,  Kraus,  Ludwig  ^s*),  and  in  brain  disease  {v.  Jaksch). 

{&.)  Persistent  Glycosuria. — The  continued  excretion  of  grape-sugar  in 
appreciable  quantities  belongs  exclusively  to  diabetes  mellitus,  and  it  is 
the  most  certain  syniptom  of  that  disease.  Its  great  clinical  importance 
lies  in  the  fact  that  it  ordinarily  becomes  apparent  at  a  time  -when  all 
other  symptoms  of  diabetes  are  wanting.  In  such  cases,  however,  one 
can  be  certain  that  diabetes  exists  only  Avhen,  by  repeated  investigation, 
grape-sugar  is  found,  and  especially  Avhen  its  quantity  is  observed  to 
increase  with  the  administration  of  other  carbohydrates,  as  cane-sugar, 
and  still  better,  starch. 

Determination  of  Grape-Sugar. 

(a.)  Qualitative  Tests. — It  is  very  easy  to  determine  the  presence 
of  a  considerable  proportion  of  sugar  in  the  urine ;  but  sometimes,  when 
that  body  occurs  only  in  traces  or  in  very  small  quantity,  the  tests 
hitherto  most  commonly  employed,  namely,  those  of  Moore  and  Tror)imer, 
are  hardly  suiiicient  for  its  detection.  We  have  only  recently  become 
acquainted  mth  a  method  wliicli  is  in  all  cases  adequate  to  the  purpose. 

1.  -  Moore- Heller  Testr^^ — The  urine  is  treated  -with  liquor  potassse 
and  boiled.  If  sugar  be  present,  it  is  decomposed.  Lactic  acid  and  a 
number  of  volatile  compounds  are  formed,237  and  with  them  certain 
■colonred  substances,  which  impart  an  intense  deep-broAvn  tint  to  the 
fluid.  This  test  is  by  no  means  accurate,  and  conclusions  drawn  from 
it  are  open  to  fallacy,  since  healthy  urine  turns  brown  with  caustic 
potash  from  the  action  of  that  body  upon  mucin  (nucleo-albumin). 
Moreover,  the  change  of  colour  is  proportional  to  the  quantity  of  mucm 
present,  independently  of  sugar. 

2.  Trammer's  TestP^ — The  urine  is  rendered  aUvaline  mth  caustic 
potash,  and  a  fairly  strong  solution  of  cupric  sulphate  is  added,  drop 
by  drop,  until  the  cupric  oxide  formed  ceases  to  be  dissolved.  The 
mixture  is  then  heated  in  a  test-tube.  If  sugar  be  present  iii  greater 
quantity  than  a  mere  trace,  a  yellowish  or  red  precipitate  of  the  sub- 
oxide of  copper  falls  before  the  boiling-point  is  reached,  and  at  the 
same  time  the  fluid  loses  colour  somewhat.^^f  This  test  is  very  sensitive. 
Trommer  was  able  -with  it  to  detect  sugar  to  the  amount  of  o.ooi,  or 
even  o.oooi  per  cent.  Unfortunately  it  is  also  ambiguous.  The  pro- 
perty of  reducing  cupric  oxide  in  alkaline  solutions  belongs  to  a  number 
of  bodies  which  occur  in  healthy  and  morbid  urine.  Amongst  these  are 
m-ic  acid,  kreatin  and  kreatmin,  allantoin,  mucin,  milk-sugar,  pyroca- 
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tecliiu,  liydrocliLiioii,  and  bile-pigments.  In  addition  to  these,  the 
ingestion  of  benzoic  and  sahcylic  acids,  glycerine,  and  chloral  leads  to 
the  formation  in  the  system  of  substances  which  possess  a  similar 
reducing  power.  Hence  it  hajjpens  that  the  urine  is  sometimes  thought 
to  contain  sugar  on  the  evidence-  of  Trommer's  test  when  none  can  be 
found  witli  other  methods.  The  error  is  especially  apt  to  arise  when 
the  boiling  is  continued  for  a  long  time.  The  test  can  be  depended  on, 
therefore,  only  when  reduction  takes  place  at  a  temperature  below  boilinc), 
which,  however,  occurs  only  when  the  urine  contains  a  relatively  large 
proportion  of  sugar. 

Fehlimjs  fluid  281)  may  be  substituted  for  the  copper  sulphate 
and  caustic  potash  in  the  process,  gravy's  fluid,  Avhich  is  much  used 
in  England,  is  a  modiflcation  of  Fehlinrjs.  It  has  the  following  consti- 
tution : — (i.)  neutral  potassic  tartrate  640  grs.,  potassa  fusa  1280  grs., 
water  10  oz.  ;  (ii  )  cupric  sulphate  320  grs.,  Avater  10  oz.  The  two 
solutions  are  kept  assart  and  mixed  for  use.  Of  the  mixture  40  to  60 
minims  are  boiled  in  a  test-tube,  and  a  drop  or  two  of  the  suspected 
urine  is  added.  If  heat  be  contmued,  the  yellow  precipitate  shows 
itself  in  the  upper  part  of  the  test-tube,  and  by  adding  more  urine  the 
fluid  will  be  made  to  lose  its  blue  colour  entirely.] 

A  useful  modification  of  Trommer's  test  has  been  suggested  by  TFoJTrt- 
MtWer.2ii  A  mixture  is  made  of  1.5  cc.  of  a  2.5  per  cent,  solution  of 
cupric  sulphate,  and  2.5  cc.  of  an  alkaline  solution  of  tartrated' soda 
and  potash  (prepared  by  dissolving  100  grms.  of  KocheUe  salts  in  a 
normal  solution  of  caustic  soda),  and  heated  to  boiling-point;  and  in  a 
separate  test-tube  5  cc.  of  the  urine  to  be  tested  are  boiled.  The  boil- 
ing fluids  are  added  together  without  shaking  them,  and  if  sugar  be 
present  in  any  quantity,  the  suboxide  is  precipitated  directly.  Should 
no  such  precipitate  form,  the  process  is  repeated  with  2,  3,  or  4  cc.  of 
the  cupric  sulphate  solution.    This  test  is  said  to  be  very  sensitive. 

It  should  be  mentioned  that  the  power  of  a  urine  to  dissolve  cupric 
oxide  does  not  necessarily  imply  the  presence  of  sugar  in  the  urine,  since 
the  property  belongs  to  ammoniacal  and  albuminous  urine,  whether  it 
contains  sugar  or  not. 

3.  Fermentation  Tes^.— This  depends  upon  the  fact  that  grape-sugar 
decomposes  in  presence  of  yeast  into  alcohol,  carbonic  acid,  and  a  number 
of  other  products  (succinic  acid,  glycerine).  It  is  conducted  in  the 
following  manner :— A  test-tube  is  filled  for  two-thirds  of  its  depth 
with  mercury,  and  in  the  remaining  third  with  the  urine,  to  which  a 
little  tartaric  acid  has  been  added.  In  this  is  placed  some  yeast  which 
has  been  carefully  washed.  The  mouth  of  the  test-tube  is  then  closed 
witli  the  thumb,  and  it  is  inverted  over  a  vessel  containing  mercury, 
if  sugar  be  j.resent,  fermentation  takes  place  directly,  and  the  carbonic 
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acid  fonued  collects  over  the  mercury.  When  yeast  is  placed  in  nonual 
urine  a  limited  fermentation  takes  place  and  some  gas  is  disengaged. 
It  is,  therefore,  well  to  compare  the  result  of  fermentation  in  saccharine 
urine  with  a  healthy  specimen  {Moritz  There  are  special  fermenta- 
tion tubes  made  for  such  purposes,  and  the  experiment  is  greatly  facili- 
tated by  their  use.^*^  This  test  is  sufficiently  sensitive.  It  Avill  serve 
to  indicate  0.1  per  cent,  of  sugar  in  the  urine.  2-^*  [According  to  Halli- 
burion,'^^  the  fermentation-test  is  the  best  for  distinguishing  sugar  from 
other  substances  that  reduce  Fehling's  solution  in  the  urine.  These 
substances  are  uric  acid,  hippuric  acid,  kreatinin,  pyrocatechin,  and 
glycuronic  acid.] 

4.  Phenyl- Hydrazin  Test.  —In  this  we  have  a  method  for  the  detec- 
tion of  sugar  which  is  greatly  to  be  preferred  to  those  already  mentioned. 


Fig.  127.— Pbenyl-Glucosfizon  Crystals  from  Diabetio.Uriiie  (eye-piece  II.,  objective  8a,  Reiclierl). 

Several  years'  experience  has  convinced  the  author  that  it  is  entirely 
accurate,  simple  in  its  application,  and  in  every  way  suited  to  the  needs 
of  the  physician.  It  depends  upon  the  property  of  pheuyl-hycbazin  to 
form  with  grape-sugar  a  highly-characteristic  crystalline  compound,^-"> 
caUed  phenyl-glucosazon.  This  body  has  the  form  of  yeUow  needles, 
and  is  but  little  soluble  in  water.  The  test  is  conducted  in  the  follow- 
ing manner  {v.  Jafcc/i  2^') :— Two  parts  of  hydroclilorate  of  phenyl- 
hydrazin  *  and  three  of  acetate  of  soda  are  placed  together  in  a  test- 
tube  containing  6-8  cc.  of  urine.  If  the  salts  do  not  dissolve  when  the 
fluid  is  warmed,  a  little  water  is  added,  and  the  test-tube  containing  the 
mixture  is  placed  for  20-30  minutes  in  boiling  water.  After  this  it  is 
taken  out  and  put  into  a  vessel  containing  cold  water.    If  sugar  be 

*  Twice  as  much  of  the  phenyl-hydrazin  salt  as  will  lie  on  the  point  of  the  blade 
of  a  knife. 
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present,  even  in  very  moderate  quantity,  there  forms  directly  a  yellow 
crystalline  deposit,  which  may  appear  amorphous  to  tlie  naked  eye,  but 
which  when  examined  under  the  microscope  is  seen  to  contam  yeUow 
needles  detached  or  arranged  in  clusters  (fig.  127).  If  the  urine  holds 
but  a  very  sniaU  proportion  of  sugar,  the  preparation  should  be  placed 
in  a  conical  glass,  and  the  sediment  examined  carefully.  In  a  case 
where  only  a  mere  trace  of  sugar  exists,  detached  crystals  of  phenyl- 
glucosazon  cannot  fail  to  be  seen.  The  discovery  of  smaller  and  larger 
yellow  scales,  or  of  powerfully  refracting  brown  granules,  must  not,  how- 
ever, be  mistaken  for  evidence  of  sugar.  This  test  gives  very  good 
results  with  every  variety  of  morbid  urine,^*^  and  it  is  equally  applicable 
Avhether  albumin  be  present  or  not.  In  the  former  case,  however,  it  is 
well  to  get  rid  of  the  excess  of  albumin  previously  by  boiling.  Phenyl- 
glucosazon  crystals  melt  at  205°,  and  their  character  may  be  ascertained 
beyond  doubt  by  submitting  them  to  that  temperature.  The  efficiency 
and  utility  of  this  test  is  amply  ijroved.^^f  The  objections  to  its  use 
made  by  Geyer,  Moritz,  and  Luther  seem  to  be  without  weight. 
Doubtless  the  test  requires  much  practice,  but  in  expert  hands  highly 
satisfactory  results  are  obtained. 

In  addition  to  the  foregoing  methods,  which  especially  merit  atten- 
tion, other  tests  for  sugar  have  been  suggested,  and  some  of  these  caU 
for  description. 

5.  Bottger's  Test.-^~ — A  quantity  of  the  urine  is  mixed  with  its  own 
bulk  of  a  concentrated  solution  of  carbonate  of  soda,  and  a  little  basic 
nitrate  of  bismuth  is  added.  The  preparation  is  then  boiled.  If  sugar 
be  present,  it  turns  black  from  the  reduction  of  oxide  of  bismuth. 
This  process  has  no  advantage  which  does  not  belong  to  Trommer's 
test,  and  it  is  less  sensitive.  If  the  urine  contains  the  principles  of 
rhubarb  taken  as  food,  a  black  precipitate  Avill  fall  independently 
of  sugar.253  In  albuminous  urine,  too,  sulphide  of  bismuth  will 
form  a  similar  black  deposit. These  conditions  must  therefore  be 
excluded. 

The  modification  of  Bdttger's  test  by  Nylander '^'^'^  is  more  accurate. 
The  reagent  employed  (called  Almhi's  fluid)  is  prepared  by  dissolving 
4  grms.  of  Eochelle  salts  (tartrated  soda  and  potash)  in  100  grms. 
and  of  an  8  per  cent,  solution  of  caustic  soda,  warming  the  fluid, 
adding  as  much  basic  pernitrate  of  bismuth  as  will  remain  in  solu- 
tion. The  mixture  so  formed  is  added  to  the  urine  to  be  tested  in 
the  proportion  of  i  in  11,  and  the  whole  is  then  heated.  The  fluid 
should  blacken  in  the  course  of  a  few  minutes.  In  this  way  it  is 
asserted  that  sugar  in  the  proportion  of  o.i  per  cent,  can  be 
detected.  It  has,  moreover,  the  advaaitage  of  simplicity,  but  is  also 
open  to  certain  fallacies.    It  is  inapplicable,  as  we  have  seen,  to  the 
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case  of  albuminous  uviue,  and  tliu  reaction  occurs  in  presence  of 
melanin  or  melanogen,  or  where  the  fluid  contains  a  large  proportion 
of  reducing  substances  but  no  sugar. 

6.  Rubner's  Test.-''"^ — The  urine  is  treated  with  an  excess  of  acetate  of 
lead  (sugar  of  lead),  filtered,  and  to  the  iiltrate  ammonia  is  added  until 
a  permanent  precipitate  forms.  The  fluid  is  then  heated,  but  not  boiled. 
If  sugar  be  present,  the  precipitate  formed  on  the  addition  of  ammonia 
gradually  assumes  a  rose-red  colour,  which  vanishes  slowly  on  standing, 
more  quickly  on  the  application  of  heat  (6o°-7o°  C),  giving  place  to  a 
yellowish-coffee  colour. 

Rubner  believes  that  the  precipitate  consists  of  sugar  of  lead.  Milk- 
sugar  does  not  give  this  reaction  Avhen  the  process  is  conducted  as  above, 
but  when  a  solution  of  that  body  is  boiled  for  3-4  minutes  with  acetate 
of  lead,  and  ammonia  then  added,  a  similar  precipitate  forms.  In  the 
author's  experience,  the  best  plan  in  performing  the  test  is  to  heat  the 
precipitate  gradually  at  a  temperature  not  exceeding  80°  C.  By  its  u.se 
Penzoldt  has  discovered  sugar  to  the  amount  of  0.01-0.02  grm.  in  10  cc. 
of  urine.  That  writer  employs  a  very  simple  and  practical  modification 
of  Kubner's  test.-^^  He  adds  to  the  urine  a  few  drops  of  basic  acetate 
of  lead  (subacetate)  and  a  few  of  ammonia,  and  then  warms  the  mixtiu-e. 
The  presence  of  sugar  causes  a  red  precipitate  as  before.  This  method 
is  not  less  sensitive  than  the  other. 

7.  Mulder's  Test. — The  urine  is  treated  witli  carbonate  of  soda  in  solution,  and 
solution  of  indigo-carmine  is  added  until  the  whole  is  freelj^  coloured.  If  .sugar 
be  present,  the  colour  changes  to  yellow  on  heating,  and  becomes  again  blue 
When  the  fluid  is  shaken  up  with  air. 

This  test  may  be  conveniently  apphed  thus  :  =59— Two  pieces  of  filter-paper  are 
taken.  One  is  placed  in  a  concentrated  solution  of  carbonate  of  soda,  and  the 
other  in  a  solution  of  indigo-carmine.  Both  are  then  dried.  When  wanted  for 
use,  a  small  piece  of  the  indigo -carmine  paper  is  placed  in  about  10  cc.  of  water, 
the  urine  under  examination  is  added,  and  finally  a  large  slip  of  the  paper  satu- 
rated with  carbonate  of  soda  is  placed  in  the  fluid.  The  result  should  be  as 
above.  The  convenience  of  its  application  in  this  manner  is  the  only  merit  of 
Mulder's  test.  It  is  neither  sensitive  nor  accurate.  [Br.  G.  Oliver -'^'^  recom- 
mends the  use  of  indigo-carmine  papers  alone.  The  test  solution  is  made  from 
these  with  heat,  and  is  again  boiled  with  the  urine.  The  colour  obtained  ranges 
from  violet  to  straw-yellow,  according  to  the  quantity  of  sugar  present.  This  is 
not  a  satisfactory  test.] 

8.  Johnsons  Test  (Picric  Acid).— Both  Johnson  and  Thiery-^^  have  employed 
picric  acid  as  a  test  for  sugar.  A  few  drops  of  a  solution  of  picric  acid  are  added 
to  the  urine,  which  is  then  treated  with  caustic  potash.  If  sugar  be  present, 
the  fluid  assumes  a  deep-red  colour  ;  but  a  red  colour  may  also  be  obtained  from 
caustic  potash  and  picric  acid  alone,  or  in  presence  of  kreatinin ;  and  conse- 
quently, as  a  test  for  sugar,  the  process  is  not  trustworthy.-"-  [Dr.  G.  Johnson 
claims  for  picric  acid  the  advantage  that  solutions  do  not  change  with  keepnig. 
When  a  drachm  of  normal  urine  is  boiled  with  the  same  quantity  of  picric  acid 
and  half  a  drachm  of  caustic  potash,  a  claret-red  colour  is  produced,  which  m 
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a  test-tube  of  half-inch  diameter  will  transmit  light.  This  colour  is  due  to 
kreatinin.  The  presence  of  the  smallest  quantity  of  glucose  in  addition  will 
render  the  fluid  so  intensely  dark  that  no  light  passes  through.] 

9.  Penzoldt's  Test.-'^^—ln  this  the  reagent  is  diazobenzol-sulphonic  acid  dis- 
solved in  w^ater,  i  :  60,  without  the  aid  of  heat,  but  a  drop  of  caustic  potash  may 
be  added  to  facilitate  solution.  A  few  cubic  centimetres  of  the  urine  under 
examination  is  placed  in  a  test-glass,  and  rendered  strongly  alkaline  with  caustic 
potash.  A  like  quantity  of  the  reagent,  which  should  be  feebly  alkaline,  is  now 
added.  The  process  is  repeated  with  healthy  urine  of  the  same  tint  and  concen- 
tration, and  the  two  specimens  compared.  Both  are  at  first  of  a  reddish-yellow 
colour,  but  whilst  the  healthy  specimen  remains  unchanged,  or  nearly  so,  that 
containing  sugar  becomes  a  bright  claret-colour  after  some  time.  If  sugar  be 
present  in  abundance,  the  fluid  eventually  becomes  dark-red  and  opaque. 

Penzoldt  asserts  that  o.i  percent,  sugar  is  appreciable  in  this  way;  but  for 
practical  purposes  the  test  is  not  to  be  recommended,  since  acetone  and  diacetic 
acid  have  a  similar  reaction.-"*  Moreover,  the  substance  used  is  highly  explo- 
sive.™" 

10.  MoUsch's  Reactions.— Molisch'-^  has  recently  devised  two  methods,  by  the 
aid  of  which  he  believes  that  sugar  can  be  detected  in  the  urine,  whether  of 
health  or  disease. 

(a.)  The  first  depends  upon  the  reaction  of  sugar  with  a-naphthol  and  sulphuric 
acid.  To  obtain  this,  he  takes  to  i  cc.  of  the  fluid  containing  sugar — urine 
should  be  highly  diluted  for  the  purpose — places  it  in  a  test-tube,  and  adds  to  it 
two  drops  of  a  15-20  per  cent,  alcoholic  solution  of  o-naphthol.  The  fluid 
becomes  turbid  from  the  precipitation  of  some  of  the  a-naphthol.  Concentrated 
sulphuric  acid  is  now  added  in  excess,  and  the  whole  is  well  mixed.  The  pre- 
sence of  sugar  is  shown  by  the  transitory  appearance  of  a  blue  colour,  and  the 
formation  of  a  violet-blue  precipitate  on  the  subsequent  addition  of  water. 

(6.)  This  reaction  is  obtained  with  thymol  and  sulphuric  acid.  The  urine 
which  is  thought  to  contain  sugar  is  highly  diluted,  and  to  ^-i  cc.  in  a  test-tube 
is  added  first  two  drops  of  a  15-20  per  cent,  alcoholic  solution  of  thymol,  and 
then  sulphuric  acid  in  excess.  When  the  mixture  is  shaken,  the  momentary 
development  of  a  "  cinnabar-ruby-carmine  red  "  discloses  the  presence  of  sugar, 
this  colour  giving  place  to  carmine  when  the  fluid  is  diluted  with  water. 

By  this  method  Moliseh  maintains  that  so  small  a  proportion  as  0.00001  per 
cent,  of  sugar  can  be  detected.  Similar  reactions,  however,  may  be  obtained 
with  cane-sugar,  fruit-sugar,  and  maltose.  Secgcn  has  further  investigated 
the  subject,  and  found  that  chemically -pure  solutions  of  proteids,  and  especially 
of  serum-albumin,  behave  in  like  manner.  The  author  has  repeatedly  performed 
the  test  with  albuminous  urine,  with  the  result  that  the  a-naphthol  reaction  was 
obtained  when  the  fluid  was  diluted  in  a  much  higher  degree  than  that  (i  :  100) 
recommended  by  Moliseh  in  the  case  of  sugar.  In  presence  of  albumin,  the  dark- 
violet  coloration  of  the  fluid  was  followed  by  the  deposition  of  a  greenish-black 
precipitate.  The  thymol  and  sulphuric  acid  reaction  with  this  body  was  almost 
identical  with  that  displayed  hy  sugar. 

For  these  reasons,  Molisch's  reactions,  which  no  doubt  find  a  valuable  applica- 
tion in  vegetable  physiology,  are  not  to  be  recommended  as  a  test  of  glycosuria. 
The  researches  of  Mi/lius  and  v.  Udranshj-^^  have  made  it  clear  that  Molisclvs 
reaction  is  identical  with  the  furfurol  reaction,  which  takes  place  not  only  with 
sugar,  but  with  any  carbohydrate. 

It  remains  to  mention  that  experiments  have  been  instituted  by 
several  investigators  (f.  Briicke,  Seer/en,  Aheles,  SaUmwski '^^)  witli  the 
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(jbject  of  separating  the  sugar  when  it  exists  in  very  small  quantities  in 
the  urine,  and  submitting  it  in  tlie  concentrated  form  to  the  action  of 
Trommer's  and  other  tests. 

The  separation  and  detection  of  grape-sugar,  as  of  the  carbohydrates 
generally,  may  be  effected  by  the  action  of  benzoyl  cliloride,  which  witli 
the  carbohydrates  forms  insoluble  benzoic  acid  aethers.  For  this  pur- 
pose the  urine  is  treated  with  benzoyl  chloride  and  caustic  potash.  If 
to  a  litre  of  urine  there  be  added  200  cc.  of  a  10  per  cent,  soda  .solution 
and  I  o  cc.  of  benzoyl  chloride,  the  nauseous  smell  of  the  latter  disappears 
on  shaking  the  mixture,  and  a  precipitate  results.  The  addition  of 
concentrated  sulphuric  acid  and  a  few  drops  of  an  alcoholic  solution  of 
a-naphthol  causes  an  intense  red  colour  if  a  trace  of  a  benzoyl  combi- 
nation Avith  the  carbohydrate  be  present,  and  the  coloured  fluid  will 
exhibit  a  well-defined  absorption-band  in  the  green  part  of  the 
spectrum.  -''^ 

It  is  indispensable  that  both  the  sulphuric  acid  and  the  naphthol 
solution  should  be  absolutely  pure.  To  ascertain  that  they  are  so,  a 
10  per  cent,  solution  of  a-naphtliol  in  cliloroform  is  prepared,  and  to  a 
drop  of  this  in  a  test-glass  is  added  first  0.5  cc.  of  water,  and  then  i  cc. 
of  pure  sulphuric  acid.  If  the  reagents  are  serviceable,  the  mixture 
assumes  a  yellow  tinge.  A  little  is  next  added  to  the  fluid  to  be  investi- 
gated,— i.e.,  to  a  benzoic  acid  sether  precipitate  suspended  in  water.  A 
reddish-violet  ring  is  evidence  of  sugar  or  a  carbohydrate  {Luther, 
Soos).'^~^  This  proceeding,  though  simple,  is  open  to  fallacy,  since  many 
other  substances,  as  albumin,  fats,  &c.,  form  acid  sethers  with  benzoyl 
cMoride.  In  other  words,  it  is  a  form  of  the  furfurol  reaction,  and 
partakes  of  its  ambiguous  character.  The  necessity  of  securing  abso- 
lutely pure  reagents  is  a  further  disadvantage  which  detracts  from  its 
value  as  a  clinical  test. 

(/?.)  Quantitative  Estimation  of  G-rape-Sugar. 

I.  Titration  Method  {Fehlinff).^''^ — The  principle  upon  which  this 
method  is  founded  depends  upon  the  property  which  grape-sugar  pos- 
sesses of  reducing  cupric  oxide  to  its  suboxide  in  alkaline  solutions.  It 
has  been  applied  in  various  ways,  and  most  of  these  are  to  be  found 
described  in  the  text-books  of  urinary  chemistry.  Fehling's  process  has 
hitherto  been  chiefly  in  vogue,  but,  in  common  with  most  of  the  others, 
it  is  tedious  and  difficult,  and  consequently  but  little  suited  to  the 
requirements  of  the  physician.  At  once  the  simplest  and  most  satis- 
factory mode  of  procedure  is  that  adopted  by  Letcbe  and  SaUcowski.-'''^ 

An  opinion  is  first  formed  from  the  density  of  the  urine  as  to  the 
quantity  of  sugar  which  it  probably  contains.  It  is  then  diluted  to 
such  an  extent  that  this  shall  not  exceed  0.5  per  cent,  of  the  entire 
flviid — 6-To  times  its  volume  of  water  may  be  needed  for  the  purpose.""* 
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The  diluted  urine  is  placetl  in  a  l.urette.  Ten  cc.  of  Feliling's  solution 
are  measured  into  a  white  porcelain  capsule,  40  cc.  of  water  added, 
and  the  bluish  mixture  heated  until  it  begins  to  lioil.  The  diluted 
lu'ine  is  now  slowly  added,  and  a  precipitate  of  suboxide  (red)  or 
its  hydrate  (yellow)  falls,  whilst  the  fluid  loses  its  blue  colour.  It 
is  important  to  ascertain  the  precise  point  at  Avhich  this  colour  has 
disappeared  entirely,  showing  that  the  flui<l  no  longer  contains  free 
sugar.  When  this  is  reached,  i  cc.  of  the  fluid  is  taken  and  filtered 
through  thick  filter-paper.  The  filtrate,  which  should  be  quite  clear, 
is  acidified  with  acetic  acid,  and  a  little  ferrocyanide  of  potassium 
is  added.  The  presence  of  copper  will  be  shown  by  a  brown  colour, 
and  0.5-1  cc.  of  the  diluted  urine  must  then  be  added  until  the  broAvn 
colouration  no  longer  takes  place.  On  the  other  hand,  should  it  happen 
that  the  fluid  when  tested  is  seen  to  be  free  from  copper,  the  Avhole 
process  must  be  repeated  with. a  smaller  quantity  of  urine.  Finally, 
when,  as  sometimes  happens,  suboxide  of  copper  is  not  precipitated, 
and  passes  through  with  the  filtrate,  the  experiment  is  entirely  frus- 
trated. When  these  points  have  been  attended  to,  the  process  is 
repeated,  that  quantity  of  urine  being  taken  at  the  outset  which  was 
found  to  be  requisite.  A  calculation  is  then  made  by  midtiplying  the 
number  which  expresses  the  dilution  (in  volumes)  of  the  urine  by  5 
(10  cc.  of  Fehling's  fluid  correspond  to  0.05  grm.  sugar),  and  dividing 
the  product  by  the  number  of  cc.  of  diluted  urine  employed.  The 
result  is  the  percentage  of  sugar  in  the  origmal  urine.  Sallcotcsld  -"^ 
has  suggested  that  the  cuprous  oxide  formed  should  also  be  weighed. 
And  Munk-'''^  recommends  that  a  few  drops  of  a  15.8  per  cent,  solution 
of  chloride  of  calcium  be  added  to  the  mixture  of  urine  and  Fehling's 
solution,  to  promote  the  precipitation  of  the  copper  salt. 

Fehling's  fluid  is  prepared  as  follows: — (i.)  34.639  gi-ms.  of  pure  crystalline 
cuprous  sulphate  are  weighed  out  and  dissolved  in  water  with  the  aid  of  a  little 
heat,  water  is  then  added  to  500  cc,  and  the  whole  placed  in  a  tightlj^-stoppered 
flask.  (2.)  175  gi-ms.  of  Eochelle  salts  (potassium  and  sodium  tartrate)  and  100 
cc.  of  caustic  soda  of  1.34  sp.  gr.  are  dissolved  in  500  cc.  of  water,  and  well 
mixed,  and  also  placed  in  a  well-stoppered  bottle. 

When  required  for  use,  equal  parts  of  these  solutions  are  measured  witli  a 
pipette,  and  the  mixture  constitutes  Fehling's  fluid. 

[M7:  Martindale  recommends  the  following  formula  :— (i.)  Sulphate  of  copper, 
181  grains;  distilled  water  to  6  ounces.  Dissolve.  (2.)  Tartrate  of  potassium, 
neutral,  728  grains  ;  caustic  soda,  360  grains  ;  distilled  water  to  6  ounces. 
Dissolve. 

Of  a  mixture  of  these  two  solutions  (Fehling's  fluid)  in  equal  volumes,  10  cc. 
will  be  decolorised  and  reduced  by  0.05  grm.  of  glucose  or  diabetic  sugar  in 
solution. 

Titration  with  Pavi/s  Ammoniated  Giqyrie  Solution.  —  This  is  a 
Huid  composed  as  follows  :—Cupric  sulphate,  4.158  grms. ;  potassic 
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sodic  tartrate,  20.4  gnus.  ;  caustic  potasli,  20.4  <,'niis.  ;  atvow^  aininonia 
(sp.  gi-.  0.880),  300  cc.  ;  water,  i  litre.  Tlie  object  of  the  ammonia  is 
to  prevent  the  precipitation  of  the  suboxide,  and  so  to  render  the  de- 
coloration of  the  copper  solution  more  evident.  In  preparing  the  fluid, 
the  caustic  potash  and  the  tartrate  are  dissolved  together,  the  cupric 
sulphate  by  itself  ;  the  two  solutions  are  mixed,  and  when  cold  the 
ammonia  is  added,  and  water  supplied  to  the  specified  bulk.  Ten  cc.  of 
this  solution  are  decolorised  by  0.005  8'™-  of  sugar.  Br.  Pavij  recom- 
mends for  clinical  convenience  the  use  of  hermetically-sealed  tubes  of 
glass,  each  containing  10  cc.  of  the  solution.-'"''] 

2.  By  Fermentation. — This  method  of  analysis  was  first  suggested  by 
Roberts,-''^  and  Worm-Miiller  applied  it  to  determine  the  proportion 
of  sugar  in  the  urine  from  the  density  of  that  fluid  before  and  after 
fermentation.  According  to  Worm-Miiller,  this  method,  ^vith  the  aid 
of  a  thermometer  and  a  pycnonieter  fitted  with  a  graduated  index-scale, 
gives  good  resvdts  where  so  little  as  0.5-r  per  cent,  of  sugar  is  present. 
Roberts  concluded  from  experiments  that  a  difi'erence  of  0.001  sp.  gr. 
corresponded  to  0.23  per  Cent,  of  sugar,  and  arrived  at  the  following 
formula  : — ■ 

_^_Z)x  0.230 
0.001 

Where 

X  =  the  percentage  of  sugar. 

i)  =  the  difi'erence  in  the  density  of  the  urme  before  and  after  fer- 
mentation. 

It  is  possible  to  obtain  good  approximate  results  from  the  application 
of  this  method  clinically.  The  following  apparatus  is  required  :  Two 
hydrometers  accurately  graduated  to  four  places  of  decimals,  and  each 
provided  with  a  thermometer  carrying  a  fractional  index,  and  capable 
of  registering  yV°  C.  These  instruments  should  measure  densities 
ranging  between  i. 000-1.025  and  i. 025-1. 050  respectively  up  to  four 
places  of  decimals. 

The  first  step  is  to  take  the  sp.  gr.  of  the  urine  at  the  temperature  for 
which  the  hydrometer  in  use  was  constructed.  This  may  be  done  by 
placing  the  test-glass  containing  it  in  a  vessel  of  water,  which  may  be 
cooled  or  heated  as  required.  100-200  cc.  of  the  urine  are  then  placed 
in  a  flask,  together  with  some  fresh  yeast  which  has  been  carefully 
washed  on  an  ash-free  filter  to  secure  removal  of  inorganic  impurities. 
The  flask  is  next  closed  with  the  arrangement  represented  in  fig.  12S, 
by  which  evaporation  is  prevented.  Fermentation  is  allowed  to  go  on 
for  24-48  hours.  After  this,  the  fluid,  which  should  be  clear,  or  nearly 
so,  is  passed  rapidly  through  a  filter,  and  its  density  again  taken  at  the 
appropriate  temperature,  the  latter  being  secured  and  ascertained  as 
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before.  From  the  observations  luatle,  the  percentage  of  sugar  is  calcu- 
lated by  the  formula  given  above. 

In  twelve  cases  of  diabetes  this  method  proved  most  valuable.  Its 
simplicity  renders  it  very  suitable  for  clinical  use. 

The  figures  in  the  following  table  afford  the  means  of  comparing  the  results 
obtained  by  fermentation  and  by  means  of  Lippich's  polarimeter  in  a  series 
of  cases : — 

Ffi'  CL'iit.   I'or  cent.  Per  cent.  Per  cent.  Per  cent.   Per  cent.  Per  cent.  Per  cent. 

r.  Fermentation  :     2.22;    3.55;    449;    SoS ;    6.06;    6.23;    6.0;  6.1 
2.  Polarimetry  :       2.25;    3.65;    4.67;    5.60 ;    6.01  ;    6.00;    6.1;  5.728" 

3.  B?/  Polarisation. — Grape-sugar  possesses  a  dextro-rotatory  power 
for  polarised  light,  and  upon  this  fact  a  quantitative  test  for  that  body 
is  based.  Such  a  test  must  necessarily  be  open  to  fallacy,  inasmuch  as 
the  urine  in  diabetes  is  apt  to  contain  other  substances,  such  as  ^-oxy- 
butyric  acid  and  levulose,  which  rotate  light  in  the  opposite  direction. 
It  is  well,  therefore,  in  applying  it,  to  do  so  both  before  and  after  fer- 
mentation {Hoppe-Seijlev,  Kuh,  Worm-Muller,  and  K.  A.  H.  Mijrner), 
when  the  difference  in  the  results  will  be  a  measure  of  the  quantity  of 
grape-sugar  in  solution.  The  advantage  of  the  method  is  that  it  dis- 
penses Avith  delay.  In  recent  times  it  has  been  invested  with  great 
accuracy  by  the  use  of  a  polarimeter  constructed  on  the  principle  devised 


Fig.  128.— Flask  for  tl)e  Approximate  Estimation  of  Sugar  by  Fermentation  (j). 

by  Lippich.  This  instrument  is  represented  in  fig.  129.-S1  It  i.s  em- 
ployed thus  : — 

The  graduated  disc  is  turned  towards  the  observer,  and  the  tube 
towards  the  lamp,  and  the  cap  which  covers  the  telescope  and  the 
posterior  end  of  the  apparatus  is  removed.  The  lamp  is  placed  at  a 
distance  (45  cm.)  equal  to  the  length  of  the  instrument  itself.  Car- 
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boiiate  of  soda  is  placed  in  tlie  cage  attached  to  the  lamp,  and  fused 
until  the  receptacle  is  full.  The  latter  is  then  fixed  in  the  lamp  in  such 
a  way  as  to  be  in  contact  with  the  flame  at  the  side  only,  and  a  screen 
is  so  placed  that  the  light  passes  only  through  the  aperture  in  it. 

The  following  description  will  sufficiently  explain  the  construction  of 
the  instrument : — At  the  hinder  end  of  the  polarimeter  is  a  rod  sup- 
porting the  arc  of  a  circle,  and  behind  this,  in  the  direction  of  the  lamp, 
another  rod,  with  a  notch  marked  upon  it.  The  second  rod  is  fitted 
with  a  screw,  by  means  of  which  it  moves  upon  the  first,  and  can.'  be 
fixed  in  contact  with  the  latter.  When  the  line  upon  the  upper  surface 
of  the  adjustable  rod  corresponds  to  the  central  point  (o)  of  the  metaUic 
arc,  and  this  with  the  o  of  the  vernier,  the  entire  field  is  dark,  and  by 
rotating  the  arc  (which  is  done  with  the  ivory  lever  in  front)  both 
halves  will  be  obscured  or  illuminated  equally.  In  experimenting  with 
the  instrument,  the  adjustable  rod  is  deflected  slightly  to  the  right  or 
to  the  left.  It  is  practically  a  lever  attached  to  the  box  containing  a 
Nicol  prism  (d  in  the  section,  which  is  represented  as  seen  from  above), 
and  rotates  the  prism  on  its  axis. 

In  conducting  an  observation,  the,  tube  containing  the  urine  or  other 
fluid  to  be  examined  is  placed  in  the  capsule,  and  the  second  rod  is 
moved  right  or  left,  say  as  far  as  the  mark  4.  The  observer  then  looks 
through,  the  telescope,  and  adjusts  the  instrument  in  such  a  manner 
that  the  field  is  illuminated  to  the  utmost  in  one  half  at  least ;  after 
which  he  moves  the  telescopic  tube  until  the  vertical  line  dividing  the 
field  into  two  equal  parts  is  rendered  as  narrow  and  well  defined  as  pos- 
sible, and  the  position  of  the  flame  is  again  looked  to.  The  ivory  lever 
is  now  moved  forward,  and  the  inner  notched  rim  of  the  disc  is  rotated 
to  the  right  or  the  left,  until  both  halves  of  the  field  are  equally  obscure. 
The  lever  is  next  reversed,  and  the  observer  works  the  micrometer  screw 
at  the  lower  part  of  the  disc,  whilst  he  looks  for  a  difi'erence  in  the 
degree  of  illumination  of  the  two  halves  of  the  field.  If  this  does  not 
occur,  the  latter  was  eitker  too  bright  or  too  obscure.  It  may  be 
rendered  brighter  by  increasing  and  inverting  the  angle  betAveen  the 
two  rods  (c,  d)  to  which  the  polarisers  are  connected  ;  and  the  less  this 
angle,  the  less  will  be  the  variation  with  equal  difi'erences  of  adjustment. 
When  the  proper  degree  of  illumination  is  obtained,  a  number  of  read- 
ings are  taken  with  different  adjustments. 

The  number  of  degrees  to  the  nearest  from  the  zero-point  of  the 
disc  to  that  of  the  vernier,  are  read  off ;  and  then,  proceeding  in  the 
same  direction,  the  first  liire  on  the  vernier  which  exactly  corresponds 
with  a  division  on  the  disc  is  noted.  This  is  easily  foimd  by  inspecting 
the  divisions  to  the  right  and  left  of  that  one  which  is  assumed  to  be 
correct.    Both  arc  on  the  m?zer  side  of  the  corresponding  marks  on  the 
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circle.  The  longer  lines  on  tlie  vernier  correspond  to  o.oi°,  the  short 
ones  to  0.005°.  practice,  the  adjustments  should  not  differ  by  more 
than  0.005°. 

The  way  in  which  the  readings  are  taken  may  best  he  shown  by  an 
example  : — Supposing  the  zero-point  of  the  disc  stood  to  the  right  of 
the  zero-point  of  the  vernier,  and  that,  between  the  two,  |°  in  addition 
to  twenty  long  vernier  marks  and  one  short  one  had  been  counted, 
then  +  f°,  205  is  written  down.  With  further  readings,  the  vernier 
marks  only  are  noted,  added  together,  and  the  average  taken.  Should 
the  result  again  be  205,  then 

f  =  o.75°>  0.75° +  0.205°=  +0.955°. 

One  long  mark  =  o.oi°,  20  long  marks  =  0.200°. 
One  short  mark  =  0.005°,  i  short  mark  =  0.005°. 

Finally,  the  zero-point  is  fixed  by  taking  the  tube  out  of  the  capsule 
without  othenvise  altering  the  arrangement  of  the  instrument. 

The  field  of  vision  is  unequally  illuminated,  and  the  mark  no  longer 
distmct.  The  telescope  is  focussed  to  show  the  mark,  the  lever  brought 
forward,  the  disc  put  in  with  the  hand,  the  lever  reversed,  and  the 
micrometer  screw  carefully  adjusted.  A  number  of  readings  is  taken, 
and  an  average  struck.  Supposing  this  to  be  =  -  2.045°  (^•^•)  ^^^^  ^^'^^ 
mark  for  the  present  inclination  of  the  polariser  rods),  the  number  is 
to  be  deducted  from  the  origuial  reading;  thus,  +  0.955  -  (  -  2.045)  = 
0.955  +  2.04s  =  3.0°. 

If  the  urine  was  examined  in  a  tube  two  decimetres  long,  then 

2  [ajn  =  3-o°.  and        =  1.5. 

[ajp  being  the  specific  Rotating  power  for  grape-sugar  (CgHijO^),  is 
in  this  case  =  +  52.5°. 

52.5°  for  100  grnis.  in  100  cc. 

100 

1°  for  grms.  in  100  cc. 

52.5 

100  X  1.5 

i.c;°  for   grms.  in  100  cc. 

52.5 

The  percentage  of  sugar  in  the  case  taken  would  tlierefore  be 
100  X  1.5 

  =  2.85  per  cent. 

52-5 

Care  should  be  taken  throughout  the  observation  that  the  position 
of  the  lamp  is  not  altered,  otherwise  varying  results  are  obtained. 
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During  the  wliole  process,  therefore,  the  same  position  of  the  lamp  and 
instrument  must  be  maintained,  and  all  readings  should  be  taken  con- 
tinuously with  one  filling  of  the  platinum  cage. 

By  carefully  observing  these  precautions,  very  accurate  results  may 
be  obtained. 

The  instrument  will  serve  also  to  sliow  whether  a  liquid  has  the  power  of 
rotating  light  or  not.  In  the  latter  case,  the  zero-point  of  the  disc  stands  in  the 
same  lateral  position  to  the  zero-point  of  the  vernier  as  the  second  pointer  to  the 
zero-point  of  the  segment  connected  with  the  polariser  (right  or  left),  the  devia- 
tion of  the  zero-point  of  the  disc  from  that  of  the  vernier  being  half  as  great  as 
the  deviation  of  tlie  two  rods. 

2.  Laevulosuria. — Fruit-sugar  is  found  sometimes  in  conjunction  with 
grape-sugar  in  the  urine  {K.  Zimmer,  Seegen).^^^  The  latter  will  then 
yield  all  the  reactions  of  grape-sugar,  including  that  Avith  phenyl- 
hydrazin.  It  may  happen  under  such  circumstances  that  a  specimen 
of  the  urine  examined  with  the  polarimeter  will  fail  to  rotate  polarised 
light  to  the  right,  or  inay  even  rotate  it  to  the  left ;  and  from  this  fact 
the  presence  of  laevulose  may  be  inferred. 

3.  Lactosuria.— Milk-sugar  occurs  in  the  urine  of  women  who  are 
nursing.2S3  Its  recognition  can  be  effected  only  by  separation  from  the 
fluid  (Hofmeister).  An  effort  has  been  made  with  the  phenyl-hydrazin 
method  to  transform  this  body  in  the  urine  into  phenyi-lactosazon 
(».  JaJcsch  284)^  but  as  a  test  the  expedient  has  not  succeeded. 

Accordmg  to  Fischer,  the  presence  of  milk-sugar  may  be  inferred  if, 
while  no  result  is  obtained  Avith  the  phenyl-hydrazin  and  the  fermenta- 
tion tests,  evidence  of  sugar,  is  given  by  Trommer's  and  Nylander's 
tests. 

4.  Dextrin.— Dextrin  has  been  seen  in  the  urine  of  diabetes  {E. 
Retehard  ^ss),  ,yhere  it  seemed  to  take  the  place  of  grape-sugar.  In  such 
cases  Reichard  found  that  the  urine  behaved  Math  Trommer's  test  in 
aU  respects  like  a  solution  of  dextrin,  the  originally  blue  fluid  becoming- 
first  graduaUy  green,  then  yellow,  and  sometimes  dark  brown 

5.  Animal  Qum.-Landwehr^^^  has  recently  foimd  in  the  urine  a 
c^u-bohydrate  presenting  a  close  analogy  to  members  of  the  gum  series. 
To  this  he  has  given  the  name  of  "animal  gum,"  and  he  believes  that 
It  IS  a  normal  constituent  of  the  fluid.  Tlie  methods  for  its  detection 
and  isolation  will  be  found  in  the  origmal  contribution  on  the  subject. 
I  he  statements  there  made  are  confirmed  by  Wedemld^^- 

Amongst  other  carbohydrates  occasionally  present  in  health  and  disease 
are  maltose  (Le  Nohel,  v.  Adcern^^^\  m.rl  <-      i    1  i 

1^,.  r  1  o«o  •  ,  ^"'6?^  and  a  left-rotatory  body  observed 
by  Leo  and  Ktdz  289  m  diabetic  urine. 

III.  Ch0lUPia.-0f  the  bile  constituents,  the  biliary  acids  and  pig- 
ments clnefly  concern  us  hero.    A  third  constituent  of  the  bilo,  cholel 
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terin,  has  never  yet  been  found  in  the  urine  in  jaundice,  altliough  it 
occurs  in  considerable  quantities  in  other  connections. 

Hoppe-Seyhr'^^^  has  satisfactorily  proved  that  biliary  acids  occur  in 
the  urine  of  jaundice ;  but  their  presence  is  of  relatively  little  cUnical 
interest,  since  they  can  be  detected  only  by  tedious  chemical  processes, 
but  seldom  suited  to  our  purpose.  None  of  the  methods  which  have 
been  suggested  for  the  recognition  of  these  bodies  directly  in  the  urine 
can  be  relied  upon.  That  of  Maclcay,  which  is  founded  upon  their 
physiological  properties,  is  perhaps  thiJ  most  useful  with  which  we  are 
acquainted.  Where  the  presence  of  bile  acids  in  considerable  propor- 
tion is  suspected,  resort  may  be  had  to  the  method  for  their  detection 
in  the  blood  (p.  75).  The  biliary  acids,  when  isolated,  or  obtained  as 
an  alcoholic  extract  from  the  evaporation  residue  of  the  urine,  may 
also  be  submitted  to  the  furfurol  test.  To  this  end  the  fluid  is  treated 
with  a  few  drops  of  a  o.  i  per  cent,  watery  solution  of  furfurol  and  sid- 
phuric  acid.  The  presence  of  biliary  acids  is  sho\vn  by  a  red  colora- 
tion, This  reaction,  however,  is  given  by  so  many  substances  that 
its  value  as  a  test  is  slight  (see  p.  280). 

A  fact  of  much  greater  practical  interest  is  the  occurrence  of  bUe- 
pigments  in  the  urine.  This  residts  from  the  comparative  ease  with 
which  they  may  be  recognised.  Their  manifestation  impUes,  in  the 
first  place,  that  there  has  been  obstruction  of  the  bUe-ducts  in  the  liver, 
in  consequence  of  which  substances  secreted  by  that  organ  have  made 
their  way  into  the  lymphatics  and  the  general  circulation,  from  which 
they  are  subsequently  eliminated  by  the  kidneys.  This  is  hepatogenic 
jaundice,  the  commonest  form  of  choluria.  The  conditions  which  cause 
it  are  manifold  and  various.  Of  these,  simple  obstruction  or  narrowing 
of  the  bile-ducts  is  the  most  obvious.  But  when  it  is  remembered  that 
the  pressure  under  which  the  bile  is  secreted  is  very  slight,  it  will  become 
apparent  that  other  circumstances— as,  for  instance,  one-sided  immobility 
of  the  diaphragm,  thrombosis  of  the  portal  vein,  &c.— wiU  tend  to  retard 
the  propulsion  of  bile,  and  consequently  to  induce  choluria.  Such 
causes  must  be  discrinxinated  by  physical  examination,  and  on  other 
grounds. 

The  bile-pigments  of  urine  are  not  in  all  cases  necessarUy  derived 
from  the  hver.  It  is  conceivable  that,  with  a  quite  normal  bihary 
function,  these  bodies  may  be  present,  and  they  then  owe  their  origin 
to  blood-colouring  matter  which  has  undergone  certain  changes  (p.  61) ; 
and  these  changes  may  take  place  either  in  the  blood  proper  {Immatogenir 
jaundice  or  supervene  when  the  colouring  matter  has  been  discharged 
in  the  tissues  {Quincke's  inogenic  jaundicey^'^ 

ItfoUows  from  what  has  been  said,  that  the  appearance  of  bile-pig- 
ment in  the  urine  is  a  fact  of  very  extended  import,  and  caution  must 
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be  observed  in  inferring  from  it  tlie  existence  of  hepatic  disease.  Still 
the  latter  is  by  far  its  more  common  association. 

Urine  containing  bile-pigments  is  usually  clear,  deeply  stained  a 
yellow-  or  greenisli-bro-\vn,  and  when  shaken  shows  a  yellow  froth, 
even  M'lien  these  bodies  arc  in  very  small  proportion.  The  chemical 
tests  for  bile-pigments  are  very  numerous,  but  it  Avill  suffice  here  to 
describe  three,  which  alone,  perhaps,  are  entirely  trustworthy. 

It  has  been  claimed  for  the  "  cholecyanin  test "  of  Slo/cvis  that  it  is  the  most 
sensitive  of  all ;  but  of  this  the  author  has, no  experience.  It  must  be  borne  in 
mind  that  bilirubin  a,lone,  of  all  the  bile-pigments,  occurs  in  fresh  m-ine ;  the 
other  pigments,  biliverdin,  bilifuscin,  and  biliprasin,  being  its  oxidation-products. 

I.  Gindin's  Test.-^-' — A  small  quantity  of  nitric  acid  containing 
nitrous  acid  is  placed  in  a  test-glass,  and  a  little  of  the  urine  under 
examination  is  poured  in  a  separate  layer  upon  its  surface.  To  do  this 
care  will  be  necessary,  and  it  will  be  facihtated  by  slanting  the  test- 
glass  so  that  the  urine  shall  float  on  the  surface  of  the  acid.  If  bile- 
pigment  be  present,  there  is  a  play  of  colours  at  the  point  of  contact 
between  the  acid  and  the  urine,  and  a  green  ring  in  particular  forms, 
indicating  the  production  of  biliverdin.  Gmelin's  test  will  not  serve 
for  urine  which  has  been  treated  with  alcohol,  since  that  body,  Avhen 
similarly  brought  in  contact  with  nitric  acid,  also  yields  a  beautiful 
bluish-green  ring  (H.  HuiDpert)^^ 

In  Rosenhach's'^'  modification  of  Gmelin's  test,  the  urine  is  passed 
through  a  filter,  and  on  the  latter  a  drop  of  nitric  acid  is  allowed  to  faU, 
when  the  coloured  rings  will  develop  around  it.  This  process  affords 
a  very  sensitive  test,  but  its  results  can  be  relied  upon  only  when  the 
filter-paper  employed  is  known  to  be  absolutely  free  from  impurities 
(colouring  matter)  Avhich  might  account  for  them. 

Dragendoif's'^^s  method  is  to  place  a  little  of  the  urine  on  a  plaster 
of  Paris  disc,  and  when  the  greater  part  has  been  absorbed,  a  drop  of 
nitric  acid  is  apphed  to  the  remainder.  A  parti-coloured  ring  forms 
aromid,  in  which  the  green  tinge  is  prominent. 

2.  Ultzmann's  test^-^^  is  very  serviceable  in  cases  where  the  urine  con- 
tains a  considerable  proportion  of  bile-pigment.  The  urine  is  mixed 
with  solution  of  caustic  potash  (one  part  to  three  of  water)  in  a  test- 
glass,  and  hydrochloric  acid  added.  The  production  of  biliverdin  by 
oxidation  is  indicated  by  the  fluid  assuming  an  emerald-green  tint. 

HuinwM's  method -^^  serves  for  the  detection  of  the  merest  traces  of 
bile-pigments.  8  to  10  cc.  of  urine  are  treated  with  milk  of  lime,  and 
the  resulting  precipitate  is  removed  by  filtration,  and  treated  with 
sulphuric  acid  and  alcohol  in  a  test-glass.  Sulphuric  acid  is  added 
until  the  solution  has  an  aci.l  reaction.     It  is  then  boiled,  when  the 
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precipitate  is  decolorised,  if  bile-pigment  is  present,  and  the  liquid 
assumes  a  green  tint.  With  similar  treatment  urine  abounding  in 
indican  deposits  a  bluish-grey  precipitate  at  the  outset,  but  with  tlie 
subsequent  process  not  a  green,  but,  if  any,  a  yellow  or  reddish  colour 
develops.  Urine  which  contains  urobilin,  on  the  other  hand,  is  made 
in  this  way  to  exhibit  a  deep-rose  colour  (p.  292). 

EhrlirA'^^^  has  devised  the  following  method  for  the  detection  of 
biHrubin  in  the  urine.  The  latter  is  mixed  with  its  own  bulk  of  dilute 
acetic  acid,  and,  drop  by  drop,  is  added  a  mixture  consisting  of  i  grm. 
sidphanilic  acid,  15  cc.  hydrochloric  acid,  and  o.i  grm.  nitrite  of  sodium 
to  the  litre.  A  dark  discoloration  takes  place,  which  on  the  further 
addition  of  glacial  acetic  or  other  acid  passes  to  a  characteristic  violet 
colour  (bilirubin). 

0,  le  Nobel  recommends  that  the  uriue  be  mixed  with  zinc  chloride  and  a 
few  drops  of  the  tincture  of  iodine  ;  this  produces  dichroism.  It  should  be 
displayed  by  the  urine  of  jaundice,  even  if  all  other  reactions  fail. 

IV.  UPObilinuria. — Jafe  '■^'^^  was  the  first  to  discover  urobilin  in  the 
urine.  It  seldom  exists  pre-f ormed  in  the  recently  passed  healthy 
fluid,  but  the  latter  holds  a  chromogen  (see  p.  214)  which  yields  urobilin 
on  the  addition  of  acid. 

According  to  MacMunn,  the  urobilin  of  febrile  urine  is  diiferent  from  that  of 
health. 

[Febrile  or  "pathological"  urobilin  {MacMunn),  like  normal  urobilin,  is  a 
derivative  both  of  bile-  and  of  blood-pigment.  It  is  identical  with  or  closely 
resembles  stercobilin.  It  has  a  distinct  spectrum,  and,  chemically,  is  a  less 
highly  oxidised  product  than  normal  urobilin  (see  also  p.  61).  The  spectrum 
of  pathological  urobilin  show  three  bands,  one  before  D,  one  between  D  and 
and  one  at  i^.l^O" 

This  body  is  present  in  large  amount  in  the  urine  of  certain  morbid 
states,  amongst  which  may  be  mentioned  fever,  and  the  various  affec- 
tions which  are  characterised  by  the  disintegration  of  red  blood-cor- 
puscles, as  scurvy  (Kretschy  ^^o^),  and  in  Addison's  disease  {Kummer)P' 

[Mott  SOS  and  W.  Himttr  have  observed  urobilin  in  the  urine  in  pernicious 
ansemia,  and  Himter  regards  this  as  a  point  of  much  weight  in  diagnosis.  It 
is  also  of  interest  as  bearing  upon  the  origin  of  urobilin.  The  appearance  of 
ui-obilin  in  the  urine  is  associated  with  an  excessive  elimination  of  bile  into  the 
intestine  {Hunter),  and  with  evidence  of  increased  destruction  of  corpuscles  in 
the  portal  vein.  At  the  same  time,  the  liver-cells  are  found  to  be  overloaded 
with  iron.  From  these  facts  and  others  Mott  concludes  that  haemoglobin  is 
acted  upon  by  the  liver-cells  to  form  urobilin  or  an  allied  pigment,  which  is  then 
excreted  by  the  kidney,  while  iron  accumulates  in  the  liver.  Runtcr  assigns 
reasons  for  the  view  that  other  organs  besides  the  liver  effect  this  decomposition. 
In  one  of  his  cases  the  substance  found  in  the  urine  was  pathological  urobilin.] 
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It  often  happens  in  cases  which  would  be  described  as  slight  jaundice, 
tliat  a  yeiy  dark-C(jloured  urine  is  passed,  and  tliis  is  found  on  examina- 
tion to  be  free  from  bile-pigments,  but  abounding-  in  urobilin  (Guhle?; 
GerJumii).'-^^^  This  so-called  "urobilin  jaundice"  occurs  in  connection 
with  hepatic  disease,  most  frequently  with  hepatic  cirrhosis  and  conges- 
tion {Hayem).^^'^  In  twelve  cases  of  atrophic  and  hyi^ertrophic  cirrhosis 
the  author  has  never  failed  to  detect  urobilin ;  and  it  is,  doubtless, 
valuable  evidence  of  hepatic  disease  when  supported  by  other  symptoms, 
and  in  the  absence  of  causes  which  are  kno-v<'n  equally  to  produce  uro- 
bihnuria.  Itossbach  has  observed  the,  latter  in  a  case  of  multiple 
neuritis,  and  it  follows  inoculation  with  Koch's  tuberculin.  Protracted 
chloroform  narcosis  is  also  recognised  as  a  cause  (Cavallero,  Kast,  and 

It  is  further  a  fact  of  great  clinical  interest  that  the  excretion  of 
considerable  quantities  of  urobilin  has  been  observed- to  attend  on  intra- 
cranial haemorrhages  [Bergmann,  Kunkel^^^],  hsemorrhagic  infarction, 
retro-uterine  haematocele,  and  extra-uterine  pregnancy  {Dick).^'^^  '  Apart 
from  its  occasional  association  with  liver  complaints,  the  author's  expe- 
rience has  been  that  urobilinuiia  occurs  most  commonly  in  the  course 
of  extensive  cutaneous  haemorrhages  due  to  scurvy,  carcinoma,  the 
hsemorrhagic  diathesis,  &c. ;  extravasation  under  such  conditions  was 
constantly  followed  by  the  appearance  of  urobilin  in  the  urme,  and  this 
became  more  marked  as  the  process  fell  into  abeyance,  thuS'  suggesting 
the  inference  that  the  blood  colourmg-matter  discharged  into  the  cuti- 
cular  tissues  was  again  absorbed  and  eliminated  by  the  kidneys  in  tlie 
form  of  urobilin.    [Cases  of  tliis  kind  which  occurred  under  Dr.  Ringer's 
care  are  reported  by  MacMunn.^^<^]    The  individuals  in  whom  tliis  pro- 
cess was  going  on  commonly  exhibited  a  pronounced  yeUowness  of  the 
skin.    In  such  of  these  cases  as  afforded  an  opportunity  for  post-mortem 
examination,  the  bde-ducts  were  invariably  found  unimpeded,  and  during 
hfe  the  urme  was  free  from  biliary  pigments.    In  the  cases  of  urobilin- 
una  which  have  come  under  the  author's  notice,  the  skin  was  very 
commonly  tmged  yellow  (jaundiced?),  but  this  was  not  without  excep- 
tion, and  in  such  cases  he  has  invariably  found  bile-pigment  m  the 
blood  (see  p.  76).    From  these  facts  it  appears  probable  that  the  blood 
colouring-matter,  having  been  converted  into  bile-pigment,  re-entevs  the 
circulation  as  such,  and  is  excreted  as  urobilin.    Since  there  is  no  uro- 
bilin ui  the  blood,  a  "urobihn  jaundice"  cannot  be  assumed;  but  in 
some  cases  bile-pigments  derived  from  the  blood  are  eliminated  as 
urobilm,  and  m  others  bilirubin  formed  in  tlie  liver  for  some  reason 
enters  the  blood,  and  is  similarly  disposed  of.    [The  researches  of  Mott 
and  Hunter,  noticed  above,  point  to  the  liver  as  the  place  where  normal 
urobilin  is  sometimes  formed.] 
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Recent  investigations  by  Leuhe have  made  it  prubable  that  under 
.sume  circumstances  bilirubin  is  reduced  to  urobilin  in  the  kidney. 

Urine  which  contains  much  urobilin  is  characterised  by  its  very  dark 
colour;  but  this  does  not  suffice  to  distmguish  it,  inasmuch  as  other 
substances,  and  notably  an  abundance  of  the  antecedent  of  indigo,  will 
impart  the  same  quality  to  the  water.  Moreover,  it  will  sometimes 
furnish  a  beautiful  yellow  froth  like  that  of  jaundice.  Such  urine  has 
the  property  of  displaymg  fluorescence  in  presence  of  ammonia  and 
zinc  chloride.  Por  the  detection  of  urobihn  Gerhardt  ^is  suggests  that 
II  chloroform  extract  of  the  uruie  should  be  treated  with  solution  of 
iodine,  and  caustic  potash  added,  when  a  beautiful  green  fluorescence 
develops.  The  author  has  adopted  in  about  eighteen  cases  of  urobilin- 
uria  the  following  method :— The  urine  is  submitted  to  Hwppert's  test 
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Fic.  130.— Spectrum  of  Urobilin  in  Acid  Urine. 
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Fio.  131.— Spectrum  of  Urobilin  in  Alkaline  Urine. 

for  bile-pigments  (p.  289).  If  urobilin  be  present  in  considerable  pro- 
portion, the  precipitate  is  coloured  a  broAvnish-red,  and  becomes  decolor- 
ised on  boiling  with  sulphuric  acid,  while  the  fluid  assumes  a  brownish 
or  pomegranate-red  tint.  If,  on  the  other  hand,  the  urine  contains  but 
little  urobihn,  the  fluid  immediately  above  the  precipitate  takes  a  reddish 
tinge.310  Occasionally  this  and  all  other  tests  will  fail,  and  resort  must 
then  be  had  to  the  spectroscope. 

The  urine  in  this  condition  maybe  freed  from  colouring-matter  by 
^ther  or  amylic  alcohol.  Its  spectroscopic  characters  are  remarkable. 
When  acid,  if  rich  in  urobilin,  it  displays  a  distinct  absorption-band  in 
the  green  and  blue  between  Fraunhofer's  lines  h  and  i?'  (fig.  130),  and 
usually  extending  with  duninished  intensity  beyond  F.  Wn  alkaline 
a  less  well-marked  band  is  seen  midAvay  between  /;  an.l  F  (fig.  131)- 
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The  quantitative  estimation  of  urobilin  may  be  effected  Ijy  means  of 
Vierordt's  spectrophotometer.  For  its  separation,  Jaffffs  ^-^  method, 
or  that  of  Melm'^^^^  (see  p.  204),  may  be  employed. 

V.  HaBmatopOPphypinUPia. — The  presence  of  hsematoporphyrin 
in  the  urine  of  diseased  states  has  been  noticed  by  \_MacMunn,  Le  Nobul, 
and]  E.  Salkoioski,^^^  although  cases  previously  reported  by  others,  and 
amongst  them  by  Stokvis,^-^  woidd  appear  to  he,  instances  of  this  con- 
dition. [  (Uro)h8ematoporphyrin,  like  urobilin,  may  exist  in  the  urine 
partly  in  the  form  of  a  chromogen,  ■which  becomes  a  pigment  on  oxida- 
tion (Hallihurton).''^'^^]  Viewed  by  reflected  light,  the  urine  is  opaque 
and  almost  black — or  in  a  thin  layer,  bro^^^lish-red.  The  colour  is 
unchanged  by  boiling.  It  is,  or  may  be,  free  from  albumin,  since 
hgematoporphyrin  does  not  contain  albumin.  "When  diluted  and  treated 
with  HCl  the  characteristic  spectrum  {Hoppe-Seyler '■^-^)  may  be  seen.. 
This  exhibits  four  absorption-bands,  viz.,  two,  narrow  and  faint,  situated, 
one  between  C  and  D,  the  second  between  D  and  E  but  nearer  to  E, 
and  two  broad  and  dark  bands,  of  which  one  overlaps  B  to  the  red 
end  of  the  spectrum,  while  the  other  lies  between  h  and  F.  These 
latter  may  alone  be  visible,  and  are  alone  evidence  of  hsematoporphja-in. 
To  detect  this  substance  chemically,  about  30  cc.  of  the  urine  are  taken 
and  treated  with  alkaline  solution  of  barium  chloride ;  the  mixture  is 
filtered  and  the  precipitate  washed  first  with  water  and  afterwards  with 
absolute  alcohol ;  the  precipitate  while  still  wet  is  rubbed  up  in  a  mortar 
with  alcohol  and  hydrochloric  acid,  allowed  to  stand  for  a  while  and 
then  heated  in  the  water-bath.  The  solution  thus  obtained,  if  hfemato- 
porphyrin  be  present,  should  have  a  reddish  colour,  and  when  filtered 
and  examined  Avith  the  spectroscope,  the  filtrate  should  give  the  tM-o 
absorption-bands  of  haematoporphyrin  (Salkowski).  The  clinical  signifi- 
cance of  this  state  is  not  yet  fully  knomi.  [MacMunn  and  Le  Nobel  ^-^ 
have  described  it  in  Addison's  disease,  acute  rheiimatism,  pneumonia, 
measles,  pericarditis,  typhoid,  meningitis,  and  other  diseases.]  In  some 
people  it  follows  the  use  of  sulphonal.-'^o 

[Hfematoporphyrin  derived  from  the  blood  by  the  action  of  sulphuric 
acid  and  (uro)h8ematoporpliyrin  derived  from  urine  diff^er  in  their 
spectra.  MacMtm7i  has  recently  found  a  pigment,  which  he  regards  as 
intermediate  between  the  two,  in  three  specimens  of  urine.  These 
urines  were  of  a  deep  Burgundy-red  colour,  free  from  albumin,  and  on 
the  addition  of  HjSO^  showed  the  spectrum  of  acid  hffimatoporphyrin.330] 

VI.  ^thep-Sulphupic  Acids  and  theip  Depivatives  {Indigo. 
Blue,  Indigo-Red,  Skatol,  Phenol,  Parakrcsol,  PyrocatecMn,  Hydrochinon) 
and  the  Apomatic  Oxy-Acids. 

id.)  Indicanuria.— iDdigo-blue  (indigo,  indigotin)  as  such,  is  rarely 
present  in  the  urine;  usually  in  decomposed  urine,  and  hardly  ever  so 
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plentifully  as  to  impart  its  colour  to  the  lluid.  It  may  always,  however, 
be  obtained  from  urine  as  a  product  of  the  decomposition'  of  salts  of 
indoxyl-sulphuric  acid  (potassium  indoxyl-sulphate).'"' 

Indol,  a  regular  product  of  bacterial  putrefaction  of  albumin  (see 
p.  202),  is  the  basis  of  indican  (indoxyl-sulphuric  acid).'*'*-  It  is  oxidised 
to  indoxyl  within  the  system,  and  by  combination  with  the  sulphuric 
acid  present  forms  indoxyl-sulphuric  acid.  The  decomposition  of  in- 
doxyl-sulphuric acid  yields,  besides  indigo-blue,  other  substances  of 
similar  character,  such  as  indirubin  ;  but  to  these  no  practical  interest 
attaches  in  the  present  state  of  our  kuowledge.'*^^^ 

With  reference  to  the  clinical  import  of  indicanuria,  it  must  be  borne 
in  mind  that  the  quantity  of  indoxyl-sulphuric  acid  formed  varies 
in  health  with  the  food  ingested,  and.  it  is  increased  especially  by 
animal  diet. 

Apart  from  this,  an  undue  proportion  of  indican  in  the  urine  is  a  fact 
of  pathological  interest,  and  there  are  certain  diseases  in  Avhich  indoxyl- 
sulphuric  acid  is  regularly  produced  in  excess. 

It  was  formerly  believed  that  starvation  and  wasting  cUseases  were 
attended  with  the  separation  of  indican  {Senator  ■^■^) ;  but  more  recent 
observation      has  shoAvn  that  this  is  dependent  on  the  fact  that  ni 
such  diseases  albuminous  putrefaction  takes  place  in  the  alimentary 
canal,  and  in  consequence  there  is  an  increased  production  of  indol,  the 
antecedent  of  indican.    The  presence  of  indican  in  the  urine  is  very 
often  a  sign  of  intestinal  putrefaction,  and  its  quantity  in  certain  cases 
varies  with  the  activity  of  that  process.s^e    it  may  also  accompany  the 
decomposition  of  albumin  in  other  cavities.    Thus,  in  a  case  of  pleurisy 
with  abundant  unhealthy  exudation,  the  author  has  found  a  profusion 
of  indican  in  the  urine,  and  when  this  manifestation  arises  m  the  course 
of  peritonitis,  it  may  be  taken  as  an  evidence  of  the  character  of  the 
disease  and  of  the  formation  of  putrid  pus.    [Hoclmnger     has  recently 
studied  this  subject  in  connection  with  infants.    He  found  that  the 
urine  of  new-born  children  was  free  from  indican,  and  in  healthy  infants 
it  occurs  only  in  traces.    It  becomes  more  abundant  in  intestmal  dis- 
orders and  is  always  most  so  when  these  are   attended  by  acute 
diarrhoea.        Tuberculosis,  whether  affecting  the  intestinal  tract  or 
not,  was  always   accompanied  by  profuse   indicanuria.  HocMngii' 
attributes  the  condition  to  decomposition  of  milk-albumm  in  the  in- 
testinal tract.] 

.       Large  doses  of  thymol  were  followed  by  an  increased  production  of  indican 
{Bohland):'^^ 

In  aeneral,  therefore,  the  appearance  in  the  urine  of  large  quantities  of 
indican  implies  that  abundant  albuminous  putrefaction  is  progressing 


ESTIMATION  OF  INDICAN. 


295 


actively  in  some  part  of  the  system.  Caution  must  he  ohserved  in  f  arther 
narroiving  the  inference  as  to  diagnose  a  gangrenous  supimration,  for 
instance,  since  in  simple  constipation  a  notable  indicanuria  tvill  very 
often  arise. 

Tt  may  be  remarked  here  that  the  dee})  brown  coloin*  whicli  usually 
belongs  to  urine  rich  in  indican  is  not  due  directly  to  the  jiresence  of 
indoxyl-sulphuric  acid,  but  depends  upon  the  higher  oxidation  products 
of  indol  wliich  accompany  it.  These  bodies  bear  to  indoxyl-sulphuric 
acid  the  same  relation  that  the  brown,  green,  or  black  colouring  matters 
of  carbolic  urine  do  to  phenol-sulphuric  acid. 

Detection  of  Indican. — The  methods  employed  for  this  purpose  pro- 
ceed upon  the  principle  of  splitting  up  the  indoxyl-sulphates  of  the 
urine,  and  obtaining  from  them  a  coloured  product — indigo-blue. 

Jaffe's  Test.'"^^^ — A  few  cc.  of  the  urine  are  treated  with  an  equal 
quantity  of  hydrochloric  acid,  and,  drop  by  drop,  a  solution  of  some 
hypochlorite  is  added  by  means  of  a  glass  pipette,  and  shaken  up  mth 
the  fluid.  The  cln-omogen  formed  by  decomposition  of  indoxyl-sulphuric 
acid  is  oxidised  into  indigo-blue.  Care  must  be  taken  that  hypoclilorites 
are  not  in  excess,  since  this  -would  alter  and  bleach  the  indigo-blue. 
Stokvis^-^^  recommends  the  admixture  of  a  little  cliloroform  in  the 
process,  Avith  the  object  of  dissolving  the  indigo-blue  as  it  forms.  The 
chloroform  solution  then  takes  a  blue  colour  [and  the  colouring-matter 
is  obtained  as  a  deposit  after  evaporation.  Albumin  if  present  should 
be  removed  before  performing  tliis  test,  since  it  forms  a  blue  colour 
Antli  hydrocliloric  acid  (Ha/liburton).'^'^-] 

Obermayer'^*''^  has  suggested  a  useful  modification  of  Jafes  test.  The 
urine  is  treated  with  i  iji  5  solution  of  sugar  of  lead,  which,  however, 
must  not  be  in  gi-eat  excess,  filtered  through  dry  paper,  the  filtrate  mixed 
with  an  equal  bulk  of  fuming  HCl  containing  i  to  2  parts  in  500  of  ferric 
chloride  solution,  and  then  thoroughly  shaken  for  one  to  two  minutes. 
The  indigo-blue  formed  is  then  taken  up  with  chloroform. 

Webe7-'s  Tesf.3«— Thirty  cc.  of  urine  are  mixed  with  an  equal  quantity 
of  hydrochloric  acid,  1-3  drops  of  dilute  iiitric  acid  added,  and  the 
mixture  boiled.  The  fluid  assumes  a  dark  colour.  If  aUowed  to  cool 
and  then  shaken  up  with  aether,  the  presence  of  indigo-blue  is  shown  by 
the  formation  of  a  blue  froth  on  the  surface,  while  the  fetlier  exhibits 
a  rose  or  violet  tint.  [MacMunn  uses  chloroform  instead  of  ather, 
and  examines  the  violet  fluid  with  the  spectroscope,  which  sliows 
an  absorption-band  before  D  (indigo-blue),  and  another  after  D  (indigo- 
red).  This  method  is  preferable  to  Jaffe's  for  the  detection  of  smdl 
quantities  of  indigo,  which  are  destroyed  by  tlie  liypochlorite  (Ralli- 
hu>io7i).-^^'>] 

Quantitative  Estimation.— The  methods  of  Jaff-  and  Salkoivski  are 
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the  most  useful.    Their  iniuciplc  is  the  same  as  that  of  tlie  tests  for 
the  presence  of  iiulican. 

-Sa//i;o?<;s/a's       Colorimetric.  Process  is  perhaps  the  best.     A  rough 
analysis  is  first  effected  by  determining  the  quantity  of  chlorinated  lime 
solution  .Avith  which  indigo  forms  in  greatest  abundance.    If  in  this  way 
it  is  found  that  the  urine  contains  much  indican,  2. 5-5  cc.  are  diluted 
with  water  to  10  cc,  while,  if  there  be  but  little  indican  present,  10  cc. 
of  undiluted  urine  are  taken  as  the  basis  of  the  experiment.    In  either 
case  an  equal  quantity  of  hydrochloric  acid  is  added,  and  that  propor- 
tion of  chlormated  lime  solution  which  was  found  in  the  i)reliminary 
reaction  to  be  required.    The  mixture  is  then  neutralised  with  caustic 
soda,  and  carbonate  of  soda  added  to  make  it  alkaline.    The  indigo-blue 
which  forms  is  collected  in  a  filter,  and  then  washed  with  water  until  it 
no  longer  exhibits  an  alkaline  reaction,  Avhen  it  is  dried  and  repeatedly 
extracted  by  heating  with  chlorofofln  until  the  latter  ceases  to  colour 
with  it.    The  chloroform  extract  is  then,  by  the  addition  of  chloroform, 
made  up  to  a  quantity  expressed  by  a  round  number  of  cc.  placed  in  a 
glass  vessel  with  parallel  sides,  and  the  intensity  of  its  colour  compared 
with  that  of  a  freshly  prepared  chloroform  solution  of  indigo-blue  of 
known  strength.''*'^    To  one  or  other  of  these,  as  required,  more  chloro- 
form is  added,  until  their  tint  is  adjudged  equal.    From  the  known 
constitution  of  the  standard  the  quantity  of  indigo-blue  derived  from 
the  urine  (2.5-5  or  10  cc.)  taken  may  be  also  known,  and  its  percentage 
may  be  readily  calculated. 

From  the  urine  passed  in  twenty-four  hours  under  ordinary  conditions 
of  diet  5-20  mgi-ms.  of  indigo-blue  can  be  obtamed  on  an  average. 

l7idifjo-Eed.—n\eve  is  now  no  doubt  {Rosin  '^^^)  that  indigo-red  (indi- 
rubin)  as  well  as  indigo-blue  occurs  in  the  urme.  It  is  formed  together 
with,  indigo-blue  when  a  urine  rich  in  indican  is  boiled  with  nitric  acid 
(0.  Rosenhach's  test).  For  its  detection  Rosin  renders  the  urine  alkaline 
with  sodium  carbonate,  and  then  extracts  the  indigo  with  sether.  The 
inferences  which  Rosin  has  drawn  from  the  presence  of  this  body  in,  the 
urine  are  questioned  by  other  observers,  and  RosenlaMs'^^^  test  cannot 
be  taken  as  evidence  of  anything  except  that  the  mine  contains  abun- 
dance of  the  indigo  antecedent. 

There  are  certain  other  aromatic  derivatives  of  the  nrine  which  will 
engage  our  attention  here,  both  because  they  are  chemically  allied  to 
indoxyl-sulphuric  acid,  and  also  because  pathologically  their  production 
is  apt' to  coincide  with  the  manifestation  of  that  substance. 

(/>.)  Skatoxyl-Sulplmric  Acid.— This  body  results  from  the  skatol  of 
the  feces  ( Brieqev)^''^  It  is  assumed  that  skatol,  by  a  process  analogous 
to  that  undergone  by  indol,  is  oxidised  to  skatoxyl  within  the  body, 
appearing  in  the  urine  as  skatoxyl-sulphuric  acid.    It  is  probable  that 
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the  red  colour  wliicli  develops  in  tlie  urine  in  the  presence  of  acids  is  U) 
some  extent  due  to  decomposition  products  of  this  substance.-'*^ 

(f.)  Parakresol-  and  Phenol-^ther-Sulphuric  Acid. — Tlie  otlier  mem- 
bers of  the  aromatic  group  wliicli  occur  in  liiunan  urine  in  combina- 
tion with  sulphuric  acid  are  phenol  (carbolic  acid),  parakresol,  pyro- 
catechin,  and  hydrochinon.  To  the  latter  we  shall  have  need  to.  refer 
again.  The  nietliods  by  which  these  bodies  may  be  detected  are  highly 
interesting  and  clinically  instructive. 

SalJwivsJci'^'''-  has  shown  that  the  uriue  of  patients  suffering  from 
ileus  and  peritonitis,  in  addition  to  a  large  percentage  of  indican,  con- 
tains also  a  considerable  proportion  of  phenol-forming  substance,  and 
Brier/e7''s^^^  experiments  have  proved  that  the  elimination  of  the  ante- 
cedent of  indigo  (indoxyl-sulphuric  acid)  on  the  one  hand,  and  that 
of  the  phenol-producing  substances  (phenol,  parakresol-sether-sulphuric 
acid)  with  the  aromatic  oxy-acids  on  the  other,  bear  to  one  another  no 
constant  relation  as  to  activity  ;  and  that  author  found  that  in  diphtheria, 
scarlatina,  and  facial  erysipelas  phenol  was  formed  in  greatly  increased 
quantity,  wliUst  in  typhoid,  relapsing  and  intermittent  fevers,  small- 
pox, and  meningitis  it  could  be  obtained  but  vevy  sparingly  from  the 
urine.    These  statements  are  borne  out  by  others.  ^^^^ 

Again,  in  all  cases  where  albuminous  putrefaction  is  actively  pro- 
gressing in  the  intestine  or  other  organs,  in  addition  t(^  the  salts  of 
indoxyl-sulphuric  acid  phenol  is  increased  in  the  urine,  and  in  general, 
together  with  phenol,  the  other  members  of  the  aromatic  group  become 
evident  in  comiection  with  pulmonary  gangrene,  putrid  iDronchitis,  foetid 
2)leuritic  exudation,  and  decomposition  generally  throughout  the  body. 

Detection  of  jEtlter-Sidphuric  Acids. — For  this  purpose  the  urine  is 
first  treated  with  barium  chloride  in  excess  to  precipitate  simple  sul- 
phuric acid  and  then  boiled  ^vith  hydrochloric  acid.  If  sther-sulphuric 
acid  be  present,  it  is  deconiposed  with  the  formation  of  the  uncombined 
acid.  This  conibines  with  the  barium  present  to  form  sulphate  of 
barium,  and  a  white  precipitate  is  deposited. 

The  quantitative  estimation  of  the  phenols  (phenol,  parakresol)  is 
conducted  in  the  manner  to  be  described  at  p.  299,  and  their  presence 
may  be  determined  by  the  tests  given  at  p.  161  and  p.  202.  It  must  hv. 
mentioned,  however,  that  the  investigations  of  Bum.pf-^^'"  have  shown 
that  an  accurate  quantitative  analysis  cannot  be  nuide  by  any  of  the 
methods  hitherto  in  use.  For  the  comparative  investigation  of  those 
substances  the  original  work  of  Brieger     may  be  consulted. 

Quantitative  Estimation  of  yEther-Sulphuric  Acid.— The  percentag(^ 
of  this  body  in  tlie  urine  may  be  best  determined  by  BaiimannV-^-'' 
method  as  modified  by  Sal/cotuski.'^^^ 

To  200  cc.  of  urine  is  added  a  like  quantity  of  alkahne  barium 
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clilorido  solution  (two  pai-ts  saturated  solution  of  bai'yta,  and  one  ])ai't 
of  solution  of  chloride  of  bariimi  saturated  in  the  cold).    Tlie  mixture 
is  allowed  to  stand  for  some  minutes  and  then  passed  throu<i;h  a  thick 
hlter  which  has  l)een  carefully  dried.    Of  the  filtrate,  whick  must  he 
perfectly  dear,  100  cc.  are  taken  and  rendered  strongly  acid  with  10  cc. 
of  hydrochloric  acid  (sp.  gr.  1.12),  then  boiled  and  heated  on  the  water- 
bath  until  all  the  precipitate  which  forms  has  settled.    The  beaker  may 
be  heated  on  an  iron  plate  coated  with  asbestos,  and  allowed  to  remain 
till  its  contents  are  cold.    The  precipitate  is  next  collected  and  placed 
on  a  filter  of  Swedisli  paper  which  has  previously  been  washed  Avith 
ddute  hydrochloric  acid,  and  care  must  he  taken  that  the  filter  is  not 
allowed  to  empty  itself  entirely  during  the  process.    With  the  aid  of  a 
glass  rod  protected  Avith  a  ring  of  india-rubber,  and  rinsing  mtli  boiling 
water,  the  entire  precipitate  is  placed  on  the  filter,  and  is  there  washed 
Avith  boilmg  water  until  the  filtrate  Avhich  passes  through  fails  to  give 
a  precipitate  AAdth  dUute  sulphuric  acid,  thus  shoAving  the  absence 
of  free  chloride  of  barium.    Should  it  happen  that  the  fluid  passing 
through  the  filter  is  turbid,  this  may  be  due  to  the  presence  of  soluble 
substances,  as  phenols  produced  by  the  decomposition  of  the  compound 
acids.     To  ascertain  their  character  in  this  case,  the  cloudy  filtrate 
is  placed  in  a  beaker  on  the  AA^ater-bath  heated  to  boiling-point,  Avhen, 
if  the  turbidity  be  due  to  phenols,  these  pass  off  in  vapour  and  leave 
the  fluid  clear.    Where,  on  the  other  hand,  the  appearance  is  caused 
by  the  barium  precipitate  having  passed  through  the  filter,  the  turbidity 
Avill  not  be  removed  in  this  Avay,  and  the  experiment  is  spoiled.  The 
precipitate  is  next  washed  with  boiling  alcohol,  and  finaUy  Avith  tether, 
and  together  Avith  the  filter-paper  placed  upon  a  platinum  crucible  of 
knoAvn°Aveight  and  heated  for  a  long  time.    After  this  the  platinum 
crucible  is  raised  to  a  Avhite  heat,  allowed  to  cool,  and  then  weighed 
again.    The  calculation  is  made  as  follows  1—233  parts  by  Aveiglit  of 
sidphate  of  barium  correspond  to  98  parts  by  Aveight  of  sulphuric  acid 
(H2SO4),  and.  consequently  the  quantity  of  sulphuric  acid  in  100  cc.  of 
the  urine  may  be  computed  by  the  formula — 


98 
233 


X  =  ^  X  M  =  0.4206  X  M 


Where 


_,.  =  the  quantity  of  sulphuric  acid  required. 
M  =  the  quantity  of  barium  sulphate  found. 


If  the  object  be  to  determine  the  total  quantity  of  the  sulphuric  acids 
(simple  and  compound),  so  as  to  find  out  their  respective  proportions  in 
the  urine,  the  latter  is  filtered.  Another  too  cc.  are  taken  and  treated 
with  10  cc  of  hydrochloric  acid  (sp.  gr.  1.12),  then  boiled  for  fifteen 
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niiiiutes  iuid  clilovitle  of  barium  solution  added  in  excess.  The  remain- 
der of  the  process  is  that  described  above.  The  difference  between  the 
total  quantity  and  tliat  of  sether-suljihuric  acids  obtained  expresses  the 
proportion  of  simple  sulphuric  acid  in  the  urine. 

For  the  methods  of  estimating  sulphur  when  present  in  tlie  ui'ine  in 
other  forms  see  pp.  323,  327. 

Qaantitatice  Estimation  of  Phenols. — Tlie  phenols  (phenol  and  para- 
kresol)  M'hich  have  passed  over  in  the  distillation  of  a  known  quantity 
of  urine  previously  acidulated  are  estimated  in  the  form  of  tribromo- 
phenol  by  Landolt's  method,  with  the  precautions  suggested  liy  Baumann 
And  Brieger.^°^ 

One-fourth  of  the  urine  jDassed  in  twenty-four  hours  is  mixed  with 
one-fifth  its  bulk  of  hydrochloric  acid  and  distilled.  Distillation  is 
continued  until  the  distillate  ceases  to  colour  with  bromine  water,  after 
Avhich  it  is  filtered.  AH  the  fluid  which  has  passed  through — including 
that  tested  during  the  process — is  now  treated  wdth  bromine  Avater 
until  a  permanent  yellow  colour  is  attained.  The  precipitate  is  allowed 
to  settle  for  two  or  three  days,  when  it  is  separated  on  a  filter  which 
has  been  weighed  and  carefully  dried  over  sulphuric  acid ;  it  is  then 
washed  with  bromme  water  and  dried  over  sulphuric  acid  in  the  dark 
until  it  has  acquired  an  approximately  constant  density.  It  is  then 
weighed  on  the  filter,  and  the  difference  between  the  result  and  the 
Aveight  of  the  filter  recorded  expresses  that  of  the  tribromo-phenol 
formed.  From  this  the  quantity  of  carbol  in  the  urinp  may  be  esti- 
mated thus: — 331  parts  by  weight  of  tribromo-phenol  correspond  to 
94  parts  by  weight  of  carbol,  and  the  following  formula  results  : — 

331 

Where 

X  =  the  quantity  of  carbol  required. 
M  =  the  quantity  of  tribromo-phenol  found. 

This  method  may  also  be  employed  for  the  analysis  of  vomited  matters  in  cases 
of  caTboiic  acid  poisoning  (compare  p.  161). 

J.  Munlc  has  computed  that  the  -quantity  of  phenols  excreted  with 
the  urine  averages  0.017  to  0.051  grm.  in  the  tAventy-four  hours.  For 
purposes  of  more  accurate  analysis  it  is  important  to  determine  the 
quantity  of  indoxyl-sulpliuric  acid  and  aether-sulphuric  acids  eliminated 
in  the  manner  already  indicated  (p.  295),  and  to  remove  the  analogous 
substances  generated  in  intestinal  decomposition  by  means  of  a  calomel 
purge. '^^^ 

{d.)  Pyrocatechin  — This  body,  like  the  others,  occurs  in  tlie  urine 
only  in  combination  Avith  sulphuric  acid  ;  and  it  is  if  not  an  invariable, 


300 


THE  URINE. 


at  all  c\ciits  a  vovy  froquenfc  cuiistitueiit  of  that  fluid.-"''  The  urine 
containing  it  is  characterised  by  the  fact  that  it  is  colourless  when 
passed,  but  becomes  dark  after  exposure  to  the  air ;  and  the  change 
is  expedited  by  the  addition  of  caustic  potash.  When  boiled  with 
hydrochloric  acid,  it  becomes  a  powerful  reducing  agent.  An  ammo- 
niacal  solution  of  silvef  exposed  to  it  will  quickly  deposit  metallic  silver 
in  the  cold. 

These  properties,  liowever,  are  not  sufficient  to  determine  the  presence 
of  pyrocatechin.  To  do  this  it  must  Ije  isolated,  and  the  following 
method  is  the  best  for  the  purpose.^"'^  The  urine  is  evaporated  to  one- 
fourtli  its  volume  on  the  water-bath,  filtered,  and  tlie  filtrate  boiled 
with  excess  of  sulphuric  acid.  It  is  then  allowed  to  cool  and  repeatedly 
shaken  up  Avith  eether,  the  sethereal  extracts  collected,  the  tether  dis- 
tilled off,  the  residue  neutralised  with  carbonate  of  baryta,  and  again 
extracted  with  aether.  Pyrocatechhi  passes  over  in  the  aethereal  extract, 
and  when  the  aether  is  distilled  off,  it  remains  as  a  more  or  less  pure 
crystalline  substance.  If  the  character  of  the  latter  is  not  sufficiently 
apparent,  it  may  be  re-crystallised  from  benzol  in  the  form  of  prisms 
belonguig  to  the  tetragonal  system.  If  some  of  these  be  dissolved  in 
water  in  a  watch-glass  and  a  few  drops  of  a  very  dilute  solution  of  per- 
chloride  of  iron  be  added,  an  emerald-green  colour  develops,  and  this 
changes  to  violet  on  the  addition  of  a  little  ammonia.^''^ 

(e.)  Hydrochinon. — It  has  been  ascertained  by  Baitmanii  and  Preusse 
that  hydrochinoti  appears  in  the  .iirine  after  carbolic  acid  poisoiung, 
and  these  authors  believe  that  to  its  presence  the  dark  colour  of  that 
fluid  after  the  exhibition  of  carbolic  acid  is  due.  It  is  always  in  the 
form  of  aether-sulphuric  acid  in  the  urine,  and  the  process  for  its  detec- 
tion is  the  same  as  that  for  pyrocatechin.-''''^ 

The  crystals  of  hydrochinon  belong  to  the  rhombic  system,  and  tliey 
crystallise  readily  from  their  solution  in  toluol. 

According  to  Baumann  and  Preusse,^'^'^  when  rapidly  heated  in  an 
open  test-Jiube,  hydi'ochinon  forms  violet  fumes,  which  condense  as  an 
indigO-blue  sublimate,  and  in  the  application  of  this  property  we  possess 
a  very  sufficient  test  for  its  presence. 

(f.)  The  Aromatic  Oxy- Acids. — The  aromatic  oxy-acids  which  have 
been  proved  to  exist  in  the  urine  are  paroxyphenyl-acetic  acid,  paroxy- 
propionic  (hydroparacumaric)  acid,^^'  paroxyphenyl-glycoKc  acid,36S  and 
oxyamygdalic  acid,^''^  to  which  must  be  added  uroleucic  (trioxyplienyl- 
propioni°c)  acid  {KMc,  Wolkoic,  and  Baumann and  homogentisic 
(dioxyphenyl-acetic)  acid.  Tn  view  of  the  significance  which  the  re- 
searches of  Wolliow  and  Baumann  have  conferred  upon  these  latter 
substances,  there  will  be  need  to  refer  to  them  separately  under  the 
head  of  AllMptonuria: 
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Detection  uf  the  Aromatic  Oxy-Acids. — Twenty  cc.  of  urine  are  treated 
with  hydrodiloric  acid,  and  heated  for  some  time  on  the  water-bath  to 
I'xpel  tlie  volatile  phenols.  It  is  then  allowed  to  cool,  and  rejjeatedly 
extracted  with  tetlier.  The  cethereal  extract  is  shaken  up  with  a  weak 
solution  of  carhonate  of  soda.  The  oxy -acids  are  taken  up  by  the 
latter,  whilst  the  phenols  present  are  retained  by  the  aether.  The 
alkaline  solution  is  now  acidulated  with  sidphuric  acid  and  extracted 
with  aether.  The  latter  is  allowed  to  evaporate,  and  the  residue  dis- 
solved m  water  is  submitted  to  Millon's  test  (p.  258).  A  red  colora- 
tion shows  the  j^resence  of  aromatic  oxy-acids. 

In  a  similar  manner  an  ajiproximate  quantitative  estimation  of  these 
bodies  may  be  effected. '^"i 

VII.  Alkaptonuria. — Although  the  substances  \vith  which  we  have 
to  deal  under  this  heading  belong  properly  to  the  aromatic  series,  and 
are  oxy-acids,  the  special  clinical  importance  Avhich  attaches  to  them 
makes  it  convenient  to  adopt  Baumaim's  classification,  and  treat  them 
apart.  By  the  term  alkaptonuria  is  meant  the  condition  in  which  the 
uroleucic  acid  of  Kirk  and  the  homogentisic  acid  of  Wolkow  and  Bau- 
mami  occur  in  the  urine.  There  is  no  doubt  that  the  urine  in  certain 
cases  (see  p.  300)  contains  these  acids  in  addition  to  pyrocatechin. 
Baedeker  ^''^  gave  to  a  substance  resembling  these,  Avhich  he  dis- 
covered in  the  urine,  the  name  of  alkapton.  A  similar  substance 
was  discovered  by  Ehstein  and  /.  Miiller^'-  very  abundantly  present 
in  a  child's  urme,  and  Fiirhringer  and  Fleischer  ^"^'^  have  obtained 
evidence  of  such  in  cases  of  phthisis.  The  urine  has  characters  very 
similar  to  those  conferred  upon  it  by  the  presence  of  pyrocatechin  (see 
p.  299).  Baumann  and  Wolkow  beheve  that  the  production  of  the 
acids  in  question  is  due  to  an  anomalous  metaboUc  process  of  life-long 
continuance,  by  wliich  the  tyrosin  (paroxyphenylamidopropionic  acid)  of 
the  system  is  perverted,  probably  by  the  action  of  some  definite  micro- 
organism. For  the  method  of  recognising  homogentisic  acid  the  reader 
is  referred  to  the  very  interesting  treatise  oi  Baumann  and  Wolkoic'^''^ 
The  condition  of  the  urine  known  as  alkaptonuria  may  be  said  to  exist 
when  the  urine  answers  the  description  given  at  ]).  300,  thus  showing 
that  it  contains  a  large  amount  of  pyrocatechin. 

VIII.  InositUPia.— Inosite  occurs  in  small  quantity  in  the  urine  in 
cases  of  diabetes  insipidus  and  in  albuminuria.  For  its  detection  it 
must  be  separated  from  the  urine.  To  this  end  Cooper-Lam's  method 
IS  the  best.  7\.ccording  to  Mag7mme,^'^  inosite  is  obtained  as  hexa- 
hydrobenzol. 

IX.  Melanuria.— The  urine  of  persons  suffering  from  pigmented 
tumours  sometimes  contains  a  substance  to  which  the  name  of  melanin 
has  been  given,  but  of  Avhich  the  chemical  constitution  is  not  yet  siiffi- 
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ciently  established.    It  is  sometimes  held  in  solution,  and  more  rarely 
suspended  in  the  form  of  small  granules.    It  very  seldom  happens  that 
the  fluid  has  a  dark  colour  when  passed,  but  it  generally  blackens  in- 
tensely when  submitted  to  oxidising  agents  (sulphuric  and  hydrochloric 
acids  and  ferric  chloride).    This  fact  would  point  to  the  conclusion 
that  the  body  in  question  is  not  melanin,  but  a  chromogen— melanogen 
— analogous  to  that  which  precedes  the  formation  oi  urobilin.  Sucli 
urine  turns  dark  on  exposure  to  air.    The  pigment  can  be  partially 
separated  from  the  urine  by  means  of  acetate  of  lead  or  perchloride  of 
iron.    It  is  iiisoluble  in  cold  alcohol,  aether,  and  acetic  and  dilute  mineral 
acids.     It  is  soluble  in  boiling  concentrated  mineral  acids,  in  boiling 
lactic  and  acetic  acids,  in  concentrated  solutions  of  caustic  potash  and 
soda,  and  in  ammonia.    It  contains  iron,  sulphur,  and  nitrogen.  The 
most  sensitive  test  for  the  presence  of  melanin  is  the  addition  of  bromine 
water  (ZelleT),^'^  which  causes  the  urine  to  deposit  a  yellow  precipitate, 
which  gradually  blackens. 

More  recent  experience  has-  shown  that  a  fairly  concentrated  solution 
of  perchloride  of  iron  serves  well  to  detect  its  presence  {v.  Jakscli, 
PoUak).^''''  A  few  drops  of  this  reagent  will  cause  the  fluid  to  turn 
grey ;  and  if  more  be  added,  a  precipitate  of  phosphates  falls,  carrjdng 
the  colouring-matter  with  it,  and  again  dissolves  mth  an  excess  of  the 
solution. 

Sodium  nitro-prusside  with  caustic  potash  and  acetic  acid  gives  a  deep 
blue  colour  {Tliormalilen);^'^  which  depends  probably  on  the  formation 
of  soluble  and  insoluble  Berlin-blues  {v.  Jaksch). 

In  connection  with  this  subject  the  reader  may  refer  to  the  opinion  of  Ki-uken- 
herg-'-'^  and  Salkoiuski^"  (see  p.  316),  that  in  WeyUs  test  for  ki-eatinin  boiling  with 
acetic  acid  similarly  produces  Berlin-blue. 

The  latter,  however,  cannot  always  be  obtained  by  the  action  of  the 
nitro-prusside  salt  on  melanin  isolated  from  the  urme,  and  the  reaction 
must  not  be  regarded  as  a  test  for  melanuria,  or  only  when  other  tests 
(and  especially  that  with  perchloride  of  iron)  have  sho^ra  the  presence 
of  melanin  or  melanogen.    Moreover,  the  Berlin-blue  reaction  can  be 
obtained  in  uruie  which  is  free  from  melanin.    Thus,  in  the  case  of 
chUdren  suffering  from  prolonged  constipation,  it  has  been  had  at  the 
same  time  that  the  fluid  was  rich  in  acetone  or  diacetic  acid  and 
indoxyl-sulphuric  acid  (v.  Jaksch),  and  in  a  case  of  diabetes  by  Dresch- 
feld,^^^  when  its  nature  and  the  presence  of  the  substances  just  named 
were  probably  established.    It  would  appear,  therefore,  that  in  these 
conditions  also  a  body  is  present  which  gives  Berhn-blue  with  nitro- 
prusside  compounds.    Possibly  this  is  indol.    Investigations  with  that 
body  derived  from  a  preparation  of  picrate  of  indol  gave  the  same  result 


M  E  L  ANURIA — ACETONU  RI A . 


(v.  Jah-sch).  The  practical  significance  of  this  condition  is  greatly 
liniitea  by  the  fact  that  the  urine  may  contain  a  large  quantity  of 
melanin  in  wasting  diseases,  whilst  that  derived  from  individuals 
suffering  from  melanotic  cancer  or  sarcoma  may  be  entirely  free  from 
it.  Senator  ^^'^  has  recently  confirmed  this  view  by  a  series  of  clinical 
observations.  Nevertheless,  as  an  adjunct  in  diagnosis,  the  tests  given 
are  of  undoubted  utility.''^'' 

X.  Acetonuria. — Normal  urine  contains  traces  of  acetone  (phy- 
siological acetonuria,  v.  Jakscli^^%  but  this  body  occurs  in  excessive 
proportion  under  certain  morbid  conditions  (jmtholofjical  acetonuria). 
Jji  association  with  diseases  we  may  distinguish  (i)  febrile  acetonuria; 
(2)  diabetic  acetonuria;  (3)  acetonuria  accompanying  certain  forms  of 
cancer  independently  of  inanition;  (4)  acetonuria  of  starvation;  (5) 
the  production  of  acetone  in  psychoses;  (6)  acetonuria  as  an  expres- 
sion of  auto-intoxication  ;  (7)  acetonuria  in  derangements  of  digestion.^^^n 
The  commonest  of  these  forms  is  febrile  acetonuria.  It  does  not  belong, 
especially  to  any  particular  fever.  In  connection  with  diabetes  the 
appearance  of  acetone  in  the  urine  indicates  an  advanced  stage  of  the 
disease,  but  does  not  otherAvise  affect  the  prognosis.  Of  greater  con- 
sequence 3^''  are  those  cases  in  which  much  acetone  is  found  in  connection 
with  grave  symptoms  of  cerebral  irritation,  less  often  of  depression. 
Acetonuria  existing  alone  (auto-intoxication  with  acetone)  tends  to  a 
favourable  termination  (v.  Jaksch).^^^  Finally,  it  should  be  noticed  that 
recent  researches  have  shown  that  an  abundance  of  nitrogenous  food 
tends  to  the  production  of  acetonuria. 

Detection  of  Acetone. — A  rough  test  for  acetone  is  that  of  Legal.  A 
quantity  of  the  urine  (several  cc.)  is  treated  with  a  few  drops  of  a 
freslily-made  and  somewhat  concentrated  solution  of  sodium  nitro- 
prusside,  and  with  a  moderately  strong  solution  of  caustic  soda  or 
potash.  The  fluid  develops  a  red  colour,  which  rapidly  disappears,  and 
if  acetone  be  present,  gives  place  to  purple  or  violet-red  on  the  addition 
of  a  little  acetic  acid.  Li  the  absence  of  acetone  the  purple-red  tint 
does  not  form  on  the  addition  of  acetic  acid. 

For  purposes  of  greater  accuracy  it  is  necessary  to  distil  the  urine,  and 
to  apply  to  the  distillate  the  tests  presently  to  be  described.  To  do  this, 
one-half  to  one  litre  of  the  urine  may  be  taken,  and  a  little  phosphoric 
acid  may  be  placed  with  it  in  the  retort  to  prevent  the  evolution  of 
gases.    Of  the  distillate  10-30  cc.  may  be  taken  and  tested  with — 

(i.)  Lichen's  Test. — To  several  cc.  a  few  drops  of  iodo-potassic  iodide 
solution  and  caustic  potash  are  added.  If  more  than  a  trace  of  acetone 
be  present,  an  abundant  precipitate  of  iodoform  crystals  is  deposited. 
This  test  is  very  reliable,  and  will  serve  ev(>n  for  the  detection  of  traces 
of  acetone. 
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(2.)  Reynolds'  2'e«/.— This  deponds  .ni  the  property  which  acetone 
l)ossesses  of  promoting  the  sohition  of  recently-formed  mercuric  oxide. 
It  is  conducted  as  follows  :— The  yellow  precipitate  (mercuric  oxide) 
obtained  hj  the  reaction  of  mercuric  chloride  Avith  an  alcoholic  solution 
of  caustic  potash  is  added  to  the  distillate  from  the  urine,  which  is  then 
filtered,  and  to  the  clear  filtrate  sulphide  of  ammonium  is  cautiously 
added.  If  acetone  be  present,  some  of  the  mercuric  oxide  will  have  dis- 
solved and  a  black  ring  (sulphide  of  mercury)  forms  at  the  plane  of 
contact  with  the  ammonium  sulphide. 

Legal's  Test,  already  described,  may  be  applied  also  to  the  urinary 
distiUate,  but  it  is  less  to  be  relied  upon  than  the  others,  since  parakresol, 
which  also  passes  over  in' distillation,  exhibits  a  similar  reaction-^^s^ 

Quantitative  Estimation  of  Acetone.— T\yi%  may  be  effected  by  v. 
Jal-sch's  method  as  modified  by  NencJci^''  Very  good  results  are 
obtained  by  the  process  first  devised  for  scientific  purposes  by  Mes- 
singer  applied  to  the  investigation  of  urine  by  Huppert,^^'-  and  rendered 
available  for  cUnical  use  by  v.  Engel  and  Devoto.^'^^  It  is  conducted 
thus  •  The  urine  is  first  examined  by  LegaVs  test,  and,  according  to  the 
result,  20-50,  or  at  most  100  cc,  are  placed  in  a  flask  and  made  up  to 
100  cc.  with  distUled  water  and  2  cc.  of  a  50  per  cent,  acetic  acid  solu- 
tion This  flask  is  connected  by  a  long  glass  tube  with  the  cooler,  m 
front  of  which  is  a  distillation  flask,  and  in  front  of  that  a  bullet 
apparatus  filled  with  urme.    DistUlation  is  carried  on  until  of  the 

ori-mal  volume  of  the  fluid  have  passed  over.   A  portion  of  the  residue  is 
submitted  to  Liahen's  test,  and  if  this  shows  the  presence  of  acetone,  the 
result  must  be  rejected  and  the  process  commenced  over  agam  after  the 
addition  of  more  distilled  water.   To  the  distillate  i  cc.  of  dilute  (i  m  8) 
sulplumc  acid  is  added  and  the  mixtui-e  distilled.   The  second  distdlate  is 
poured  into  a  flask  of  i  Htre  capacity  fitted  with  a  polished  glass  stopper 
and,  also,  for  distillation  purposes,  with  a  doubly  perforated  cork,  and 
havmg  a  buUet  apparatus  full  of  water  in  front  of  it.    When  distilla- 
tion is  completed,  the  fiask  is  closed  Avith  its  glass  stopper  and  the  fluid 
carefuUy  titrated  according  to  Happerfs  directions  with  xoth  nonnai 
iodide  solution  and  J^th  normal  hyposulphite  solution.    These  solutions 
being  used,  i  cc.  of  the  iodo-solution  corresponds  to  0.967  mg™.  of 
acetone     The  researches  Avliich  v.  Engel  has  pursued  by  this  method 
have  -reatly  extended  our  previous  knoAvledge  concerning  the  secretion 
of  acetone,  and  they  have  also  established  the  facts  on  a  secure  basis 

XL  Diaeeturia.-By  the  term  diaeeturia  is  meant  the  conditim^^ 
in  Avhich  diacetic  acid  appears  in  the  urine.    It  is  ^ ^^^^ 
and  occurs  in  diabetes  {Gerhardt)  and  fevers  (..  Jal-sch,  De^chn^^d  e1, 
Seifert),  and  also  idiopathically  as  a  form  of  auto-intoxication.    It  is 
mo  tc  mmon  in  children  as  a  concomitant  of  fever,^'-  and  is  tiien  gene- 
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rall^'  devoid  of  serious  significiuice,  but  in  adults  it  is  11  symptoiu  of 
gi-ave  import.  In  febrile  and  diabetic  states  the  development  of  diacet- 
uria  comjuonly  forebodes  the  advent  of  coma. 

Urine  holding  diacetic  acid  is  always  rich  in  acetone,  and  in  })resence 
of  perchloride  of  iron  develops  a  Bordeaux-red.  This  property,  how- 
ever, does  ]iot  sewn  to  distinguish  the  presence  of  the  former  body, 
since  it  belongs  equally  to  a  number  of  substances  which  are  apt  to 
exist  in  the  lU'ine.''^''  For  its  detection  the  following  process  may  be 
adopted. 

To  the  urine  a  fairly-concentrated  solution  of  perchloride  of  iron  i.s 
cautiously  added,  and  if  a  phospliatic  precipitate  forms,  this  is  removed 
by  filtration  and  more  of  the  perchloride  of  iron  solution  supplied.  If 
the  Bordeaux-red  colour  appears,  one  portion  of  the  urme  is  boiled, 
whilst  another  is  treated  with  sulphuric  acid  and  extracted  with  sether. 
If  now  the  urine  which  has  been  boiled  shows  Little  or  no  change,  Avhilst 
the  perchloride  of  iron  reaction  in  the  asthereal  extract  is  no  lonser 
evident  after  24-48  hours;  and  if  at  the  same  time  (on  testing  the 
urine  directly  and  its  distillate)  it  is  foimd  to  be  rich  in  acetone,  the 
condition  may  be  inferred  to  be  that  of  diaceturia. 

XII.  Lipaciduria. — By  this  term  is  meant  the  condition  in  which, 
volatile  fatty  acids  are  found  in  the  urine  (v.  JakscJi,^^'^  v.  Roldtatislcy^^^). 
These  bodies  occur  there  in  traces  normally,  especially  formic,  acetic, 
and  butyric  acids ;  and  they  may  be  derived  from  healthy  urine  in  con- 
siderable quantity  by  the  use  of  oxidising  agents,  They  are  also  a 
product  of  alkaline  fermentation.''°o 

As  a  manifestation  of  disease,  on  the  other  hand,  they  are  often 
present  in  quantity  in  the  simple  urine.  Thus,  in  the  urine  of  fevers, 
of  hepatic  diseases  affecting  the  proper  structure  of  the  Hver,  and  in 
diabetes,  formic,  acetic,  butyric,  and  recently  also  propionic  acid  h^xi^ 
been  detected. 

There  is  no  special  diagnostic  significance  attaching  to  this  condi- 
tion; in  general,  it  is  determined  by  the  same  causes  which  produce 
febrile  acetomu'ia. 

For  the  detection  of  fatty  acids  the  urine  is  distilled  with  phosphoric 
acid,  and  the  distillate  carefully  neutralised  mth  carbonate  of  soda, 
evaporated  to  dryness  on  the  water-bath,  the  residue  extracted  with' 
boding  alcohol,  filtered,  again  evaporated,  dissolved  in  water,  and  the 
solution  submitted  to  the  tests  mentioned  at  p.  201.  The  principal 
reactions  are  shortly  recapitidated  here. 

1.  A  little  of  the  uriue  is  treated  with  sulphuric  acid  and  alcohol.    An  odour  of 
acetic  {Ether  indicates  the  presence  of  acetic  acid. 

2.  To  another  portion  perchloride  of  iron  is  added.    The  specimen  assumes  a 
red  tint,  which  disappears  on  boiling,  and  a  rusty  precipitate  remains. 

U 
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3.  The  addition  of  nitrate  of  silver  causes  a  white  precipitate,  which  rapidly 

blackens  if  formic  acid  be  present.  n^^nnif  acids  see 

With  reference  to  the  appearance  in  the  unne  of  other  organic  acids,  see 

pp.  336,  337- 

XIII  LipUPia.-Small  quantities  of  fat  are  often  seen  in  the  urine  of 
<.hronic  nephritis  with  a  very  fatty  state  of  the  kidney  (see  pp.  229,  247), 
in  phosphorus-poisonmg/01  diabetes  niellitus.  Kat  :n  large  propor- 
tion was  found  by  Ebstein     ir.  a  remarkable  case  of  pyonephrosrs.  _ 

■Fat  is  also  a  conunon  manifestatation  in  chyluria,  and  it  is  a  physio- 
loo-ical  constituent  of  the  urine  of  pregnant  women. 

Ks  presence  is  sufficiently  apparent.  The  urine  containnig  it  s 
usually  very  turbid,  and  clears  when  shaken  up  with  .  her.  The  atty 
particles  maybe  separated  by  means  of  Stenbeck's  sedimentator  (see  p.  2  8). 

ta  t  ^1-  to  hold  globules  of  fat,  whieh  are  easily  -0^;^^^^^^^^^^^ 
powerM  refracting  properties  ;  and  it  is  not  uncommon  fo    I  s  s^    n  e 
to  occur  ill  the  form  of  needles,  as  it  does  m  the  f^ces  (p.  196),  especially 
in  connection  with  chronic  nephritis  and  septicemia. 

YlT  Chvluria  -By  tliis  term  is  meant  the  smiultaneous  appearance 
.tfnti;!  o^^^^^^^^^  albumin  in  the  urine,  apart  from  tl.  manifest, 
t  rlf  other  morbid  constituents,  such  as  casts,  renal  epithehum,  eU. 
^Th:  stditrhowever,  usually  contains  red  and  white  blood-corpuscles 

'^ru:::r!Ser  these  circumstances  tends  to  form  coagula  of  fibrin 
on  staX'     and  occasionally  it  gelatinises  throughout.  Hithert 
bvW    at  been  met  with  almost  exclusively  hi  the  tropics,  and  m 
have  hved  there  for  a  long  time,  and  it  has  been  shown 
persoiib  vMiw  .    ,  ,    .ipi^end  upon  the  mvasion  of  the 

^"'^■^^^^IJ^Z^  The  emb^o  of  tins  ,wasite 
mmai-y  tract  by  Maua  sa    u  i,„estigation5 

ir;  of  tbo    due  to — »— -  - 

"  vrOxaSrilt  ta.  beou  stated  already  that  oxaUc  acid  occm. 
hrmger  and  CzapelcY^'' 
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QtiaiUitative  Estimation  of  Oxalic  Acid,  Neuhauer's  Method.*'*^ — Tin; 
urine  passed  within  twenty-four  lioiirs  is  accurately  measured,  and  treated 
first  with  calcium  cliloride  and  ammonia,  tlien  witli  acetic  acid  until  it 
has  a  sliglitly  acid  reaction,  and  afterwards  a  little  alcoholic  solution  of 
thymol  is  added  to  restrain  the  development  of  inicro-organisms.  The 
mixture  is  allowed  to  stand  for  some  time,  M'hen  tlie  white  i)recipitate 
wluch  forms  is  separated  on  a  filter,  and  (together  M'ith  the  latter)  is 
placed  in  hydrochloric  acid,  gently  heated,  the  fluid  filtered  off,  and  the 
filter  washed  with  water  until  it  has  no  longer  an  acid  reaction.  Tlie 
collected  filtrate  is  evaporated  to  a  small  bidk  in  a  capsule  on  the 
Avater-hath,  then  placed  in  a  strong  glass  cylinder,  and  the  capsule  in 
Avhich  it  was  evaporated  is  washed  with  dilute  liydrochloric  acid  and 
Avater,  the  washings  being  added  to  the  fluid  in  the  cylinder.  Ammonia 
solution  is  then  poured  upon  the  surface  of  the  latter,  and  the  whole  is 
tinted  with  a  few  drops  of  tincture  of  litmus.  -The  mixture  is  aUowed 
to  stand  for  a  considerable  time.     The  precipitate  which  has  formed 
is  obtained  on  a  so-called,  ash-free  filter,  the  ash  constituent  of  Avliich 
has  previously  been  accurately  ascertained,  and  the  oxalate  (of  lime) 
Avliich  adheres  to  the  walls  of  the  cylinder  is  removed  on  a  glass  rod 
guarded  A^dth  an  india-rubber  ring,  and  added  to  the  precipitate  on  the 
filter.    The  latter  is  next  freed  from  chlorine  by  Avashing  AA-ith  Avater, 
and  rLused  Avith  acetic  acid.     The  filter  is  then  dried,  aiid  ignited 
on  a  platinum  crucible,  Avhich  is  heated  to  a  constant  Aveight  in  the 
bloAV-pipe  flame.    By  this  means  oxalate  of  lime  is  changed  into  lime. 
is^OAV  as  56  parts  of  lime  correspond  to  90  parts  of  oxalic  acid,  the 
rpiantity  of  the  former  obtained  Avhen  multii^hed  by  1.6071  shoAvs  the 
quantity  of  oxalic  acid  in  the  urine  taken.**'^ 

In  healthy  urine  the  amount  of  oxalic  acid  passed  in  twenty-four 
hours  is  0.02  grm.  (Fiirbrinr/er). 

An  excess  of  oxalic  acid  is  occasionally  found  in  diabetes,  and  espe- 
cially Avhen  the  proportion  of  sugar  diminishes  (vicarious  oxaluria).*io 

Oxaluria  is  also  known  as  an  affection  sal  generis  (oxalic  acid  diatliesis, 
idiopathic  oxaluria),  {Cantani).'^^'^ 

It  must  be  admitted  that  our  knowledge  of  tliis  condition  as  a  clini- 
cal symptom  is  very  defective,  but  the  author's  experience  induces  liim 
to  adopt  the  conclusion  of  J.  Beyhie*^-^  and  Cantani,  tliat  there  are 
certam  complaints,  characterised  by  pams  ua  the  back  and  loins  and 
attended  Avith  rapid  emaciatioji,  in  Avliicli  the  only  objective  symptom 
besides  IS  an  excessive  eUmination  of  oxalic  acid  with  tlie  urine 
Netdert^^^  observed  in  a  complaint  with  nervous  symptoms  more  than 
0.5  gim.  of  oxalic  acid  per  litre  of  urine;  and  Kisch^^*  found  in  nine 
cases  of  extreme  lipomatosis  only  one  in  which  tliere  was  an  increase  of 
0.040  grm.  in  the  litre. 
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XVI.  Cystinurla.-Tl™  i»  a  condition  of  ,„rc  oKuvvmico,  »n.l 
clmicUy  !l  littlo  impovtance,  A.co  it  i.  only  accid.nt»l  y  by  tem.- 
tion  of  calculi  that  it  gives  rise  to  tvonWe.    It     n,na  ly  "  '  ; 

com'se  It  should  be  mentionod  that  W««  «»  ha*,  found  qstn,  cou- 
cunltly  with  albnuin  in  tho  urine  of  acute  art.onlav  A.m„at,«n 

L»ies  of  Briber,  r.  Uiran^Bj,  ^  B<^r^ 

have  shcvn  that  such  urines  also  contan.  dn.mnes.  I"'^™'"' 
,      ■  „  dinmiu  which  is  isomeric  with  the  lattci. 

putresem,  cadaverni,  and  a  diamin  wni 

These  bodies  occur  at  the  same  tune  m  the  Mces  oi  tuc  i 
r-5W"l»  both  urine  and  faeces  of  healthy  persons  a-  " 
hem    it  is  possible  that  they  originate  in  a  special  fc™  "'."^^" 
irie'ion,  are  absorbed  from  the  alimentary  eanal,  and  eliminated  to- 

.efliSt  "eminent  of  urates  m  the  ruine  does  -~   '  - 
infe  ence  that  uric  acid  is  excreted  in  excess  there  is  '  " 

the  means  of  estimating  tins  condition.  -p,.1-l-Pv 
*  Many  methods  have  been  devised  ^"-"^P"  Z^  ^^l^. 

^r::rfori:rir'is:^-.---- 


as  well  as  in  tlie  urine.  _ 

For  its  application  the  ^^-T^"^"^]:^^  by  dissolving 


tected  from  the  igiit.  erystalUsed  magnesinm 

ii.  A  Magnesia  Mtxture.-K\mm\x^Y^^  p.oess  of  ammonia  added, 
chloride  are  dissolved  in  watei,  and  a  ^^  ^^^  Hydrate) 
and  t.en  ammonium  ^^^^^^^ 
is  entirely  dissolved.    The  fluid  so  ^-^y ired. 

It  is  made  up  to  a  litre  and  placed  in  a  ^^^'I'^'^L  -Fifteen  grms.  of 
...    c  7  ^-  ^        ^nrJium  or  Potassium  Sulplnae.—i-n^'-^''-  o 
ni.  '5°^        «  ^^^^        ^i,3,l,ed  in  a  htre  of 

caustic  potash  or  lo  gnns.  ot  can.  no 
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water,  iiiid  ono-liiilf  nf  tlie  Huid  is  saturated  witli  .siilpluiretted  liydro- 
"811.  after  whicli  tlie  otlier  lialf  is  added  to  it.  Tlio  iiotasli  or  soda 
used  nmst  be  entirely  free  from  nitrates  and  nitrites,  and  to  this  end 
it  is  -well  to  use  caustic  soda  prepared  from  metallic  sodium. 

A  hundred  or  200  cc.  of  imne  are  uieasured  off  in  a  dry  glass  cylinder 
and  carefully  poured  into  a  lieaker  of  200-300  cc. 
capacity.  Ten  or  20  cc.  (according  as  100  or  200  cc. 
of  urine  has  been  taken)  each  of  solutions  i.  and  ii. 
are  mixed  together  in  a  measure-glass,  and  ammonia 
is  slowly  added  until  the  precipitate  is  dissolved.  The 
clear  fluid  is  then  poured  from  the  cylinder  in  wliich 
the  rirme  was  measured  and  added  to  the  latter  in  the 
beaker-glass,  and  the  mixture  stirred  for  some  time. 
The  precipitate  which  forms  is  allowed  to  stand  for 
half  an  hmw  or  an  hour,  after  which  it  is  placed  with 
the  fluid  on  a  filter,  and  two  or  three  times  the  quan- 
tity of  Avater,  to  which  a  little  ammonia  has  been  added, 
is  supplied.  For  tliis  purpose  Ludwig  employs  an  aspi- 
rator, but  it  is  not  necessary,  since  filtration  proceeds 
rapidly  enough  Avithout  it. 

The  precipitate  and  the  filter  together  are  placed  in 
the  beaker,  and  10  or  20  cc.  (according  to  the  quantity 
of  urine  taken)  of  solution  iii.,  diluted  with  an  equal 
quantity  of  water,  is  heated  to  boilmg  in  a  flask,  added  to 
the  precipitate  in  the  iDcaker,  and  the  mixture  frequently 
stirred,  40  cc.  of  boiling  water  supplied,  and  the  mix- 
ture heated  over  a  flame  until  it  begins  to  boil.  It  is 
repeatedly  stirred  while  allowed  to  cool,  and  passed 
through  a  filter,  which  is  afterwards  washed  two  or 
tliree  times  with  boihng  water  and  collected  in  a  large 
capsule.  The  filtrate  is  treated  with  hydrochloric  acid 
mitil  it  has  a  feebly  acid  reaction,  and  is  then  concen- 
trated on  the  water-bath  to  a  volume  of  10-15  cc. 
Uric  acid  begins  to  separate  at  this  point  in  crystals, 
Avhich  are  often  of  a  beautiful  white  colour. 

The  best  plan  is  to  continue  evaporating,  without  regard  to 
the  quantity  of  fluid  remaining,  until  the  point  is  reached 
when  uric  acid  begins  to  separate  from  the  hot  solution. 


an 


hour,  when 


Ki<;.  132. — Ludwig's 
Kilter  (iictusil  size). 


The  fluid  is  now  allowed  to  cool  for 
the  separation  of  uric  acid  will  be  completed.  Tlie 
precipitate  is  brought  upon  a  Ludwig's  filter  arranged  with  glass-wool. 
This  instrument  consists  of  a  glass  tulK>  about  14  nn.  long  and  2  cm. 
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in  diameter  in  its  upper  point,  growing  rapidly  narrower  l)elow,  and 
constricted  to  little  more  than  capillary  calibre  at  a  point  4  "ii.  from 
its  lower  end  (fig.  132).  The  lower  end  is  cut  off  obliquely.  The  tube 
is  packed  from  the  point  of  constriction  upwards  as  far  as  the  begninnig 
of  the-  broad  part  with  glass-wool,  which  is  best  introduced  by  means  of 
a  slender  glass  rod,  and  in  such  a  manner  that  the  obstruction  is  densest 
below,  and  less  compact  as  it  proceeds  upwards. 

To  facilitate  this,  the,  glass-wool  with  which  the  funnel  is  to  be  blocked  n>ay  be 
previously  moistened  with  a  little  tether. 

The  author  prefers  asbestos  to  glass-wool.    It  answers  the  purpose  well 
and  does  not  irritate  the  skin. 

The  upper  end  of  the  instrument  is  closed  with  a  ground-glass 

stopper.  ,   •    1  •  1  I 

men  arranged  with  glass-wool  as  described,  the  whole-  is  dried  at  1 10 

C,  allowed  to  cool,  and  weighed. 

The  filter  is  fixed  in  a  suitable  support,  and  tlie  fluid  with  the  uric 
acid  precipitate  is  placed  upon  it.     The  fUtrate  is  used  to  wash  out 
the  uric  acid  from  the  capsule  in  which  it  was  formed,  and  this  is 
repeated  until  no  trace  of  the  uric  acid  is  left  in  the  latter,  the  whole 
havino-  been  placed  on  the  filter.    Finally,  the  latter  is  washed  repeatedly 
Avith  Thttle  water,  and  best  by  means  of  an  aspirator,  after  which  the 
filter  and  precipitate  together  are  dried  at  100"  C.    They  are  then 
allowed  to  cool,  and  smaU  quantities  of  bisulphide  of  carbon  added  in 
three  portions  of  about  2  or  3  cc,  the  bisulphide  ff^'^ 
the  addition  of  »ther,  and  the  filter  dried  at  no  C.  untd  it  attains 
a  constant  weight.    The  difference  between  this  weight  and  that  of  the 
filter  as  previously  ascertained  expresses  the  amount  of  uric  acid  m  the 
quantity  of  urine  taken.    The  dried  filter  containmg  the  uric  acid  may 
L  conveniently  weighed  by  placing  it  in  the  scale  upon  a  ^^^^^^^ 
.lass  support  of  known  weight  and  hollowed  into  a  smtable  ang  e  u 
tvhich  the  thm  end  of  the  filter  rests.    The  disturbing  osciUation  of  the 
latter  in  the  scale-pan  may  be  prevented  m  this  way. 

It  may  be  remarked  that  Ludwig's  process  has  the  advantage  o^ei  the 
other  methods  referred  to  that  by  its  means  several  observations  can  be 

"^t^:^!^  excretes  0..-..0  grm.  of  uric  acid  with  the  uriiie  in 
twt  y  oui  hours.    The  quantity  is  increased  in  health  by  an  abundai^ 

diet,  and  pathologically  in  fevei,  leukemia  (F/.  .^^^^ 
RoZnd  and  ScL.n,  pernicious  an.mia,  and  in  diseases  of  the  W 
frd  luL  with  obstructed  respiration.-    A  series  of  observations  whic 
h    au  hor  has  made  with  the  Salko^osM-Lud^c^,  method  in  a  case  o 
t^lr.  the  quantity  of  uric  acid  excreted  as  between  0.9400  and 
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i.48i4gTm.,  and  this  quantity  was  not  diminislieil  \>y  tliii  udniinistratioii 
of  alkalis. 

The  excretion  of  uric;  acid  is  dhuinished  in  a  numhur  of  chronic 
affections,  such  as  nephritis,  gout  (after  the  acute  paroxysm),  diabetes, 
and  chronic  arthritis.  A  diminution  was  also  found  by  v.  Bamherr/er 
in  a  case  of  progressive  muscular  atrophy.  ScUkoivski  and  Spilker'*''^ 
have  observed  that  taking  alkali  internall}'  is  followed  by  a  fall  in  the 
amoimt  of  uric  acid  in  the  urine  ;  and  in  sick  children  the  use  of  alcohol 
has  a  similar  effect  {v.  Jalisch).*-' 

Finally,  we  sometimes  meet  with  a  condition  in  which,  with  emacia- 
tion and  certain  subjective  symptoms,  as  hypochondriasis,  &c.,  is  asso- 
ciated an  enormous  increase  in  the  elimination  of  uric  acid  as  the  only 
objective  manifestation,  and  such  cases  undoubtedly  constitute  what  i.s 
called  the  uric  acid  diathesis.'*-^ 

XVIII.  Urea. — By  far  the  greater  part  of  the  nitrogen  taken  in  with 
the  food  is  eliminated  as  urea.  It  must  not,  however,  be  forgotten  that 
there  are  in  the  urine  other  nitrogenous  comjDOunds,  such  as  uric  and 
liippuric  acids,  amido-  and  other  acids,  and  ammonia  salts,  but  the  great 
bulk  of  nitrogenous  waste  is  removed  in  the  form  of  urea.  Of  this 
body  32-40  grms.  are  daily  excreted  by  a  healthy  man,  but  its  quantity 
varies  considerably  under  physiological,  and  still  more  under  morbid 
conditions. 

Amongst  diseases,  fever  and  diabetes  are  attended  with  increased 
elimination  of  urea.  [Prout  has  described  a  morbid  condition  which 
he  calls  azoturia,  and  which  he  ascribes  to  an  excessive  formation  of 
urea.]  On  the  other  hand,  this  is  diminished  in  chronic  affections 
accompanied  by  malnutrition  and  in  diseases  involving  the  proper  struc- 
ture of  the  liver,  where  it  is  elaborated  {Schroder). 

The  quantity  of  urea  excreted  is  lessened  by  taking  alcohol  in  the  case  of 
children  (v.  Jaksch).*''"  On  the  other  hand,  there  is  an  increased  excretion  of 
urea  in  children  during  the  febrile  period  of  lobar  pneumonia  {i:  Jalsch)*-'^ 
Bernahei*^-  has  observed  a  diminished  excretion  (hypoazoturia)  as  a  constant 
occurrence  in  chronic  alcoholism. 

Variations  in  the  output  of  urea  are  an  expression  of  changes  in  nitro- 
genous metabolism  generally,  and  as  such  possess  the  highest  clinical 
interest.  It  Avould  be  well  if  we  could  measure  the  quantity  of  that 
body  in  the  urine  at  any  given  time,  but  the  processes  by  which  this 
can  be  done  are  not  available  for  clinical  purposes. 

An  approximate  estimate  of  the  quantity  of  urea  excreted  in  the 
course  of  twenty-four  hours  may,  however,  be  effected  by  mifner's^'-^-^ 
method.  In  this  the  urea  is  decomposed  by  means  of  alkaline  hypo- 
bromites,  and  the  nitrogen  given  off  as  a  gas  is  collected,  whilst  the 
carbonic  acid  combines  with  caustic  soda  present.     The  apparatus 
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required  is  repvescuted  in  the  iiccompanying  figure.  It  consists  of  a 
cylinder  of  stout  glass  of  loo  cc.  contents  (b),  expanding  at  its  middle, 
and  connected  below  by  means  of  a  binder  and  tight-iitting  tap  witli  a 
smaller  tube  (a),  also  of  glass,  whicli  liolds  about  5  cc.  It  is  important 
that  the  capacity  of  the  latter,  which  serves  to  receive  the  urme, 
tocrether  with  that  of  the  perforation  in  the  taji,  shall  be  accurately 


l,-io.  i,,._Hiifner's  Apparatus  for  Estimation  of  Urea. 


known  To  this  end  the  apparatus  is  carefully  washed  with  water, 
rinsed  out  with  alcohol,  and  dried.  The  tap  is  opened,  and  mercmy 
poured  iuto  the  lower  vessel  so  as  to  overflow  into  the  upper  one.  The 
tap  is  now  closed,  the  overflow  of  mercury  above  it  poured  oflf,.and  the 
contents  of  a  removed  and  weighed  in  a  vessel  whose  o^™  weight  is 
known     The  result  divided  by  the  sp.  gr.  of  mercury  (13.59)  gives  tlic 
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cubic  contents  of  the  tube  A.  This  must  be  verified  by  repeating  tlie 
process,  and  if  the  capacity  ascertained  should  vary  each  time,  the  mean 
must  be  taken.    It  sliouhl  be  (;alcu]ated  to  tlircc  ])]aces  of  decimals. 

In  cases  wlierc  the  method  of  weighing  cannot-  be  conveniently  carried  out, 
the  capacity  of  the  vessel  destined  to  hold  the  urine  may  be  ascertained  with 
great  accuracy  thus  : — This  portion  of  the  apparatus  is  filled  with  a  watery  solu- 
tion of  some  aniline  dye  which  is  not  taken  up  by  chloroform,  the  apparatus 
washed  out  with  chloroform  and  the  tinted  water  together  with  the  chloroform, 
in  which  little  or  none  of  the  dye  dissolves,  is  ])laced  in  an  accurately  graduated 
burette.  The  chloroform  is  allowed  to  settle  and  the  quantity  of  the  aniline 
fluid  in  the  burette  is  read  off.  This  process  should  be  gone  through  at  least 
three  times,  and  the  mean  is  taken  of  the  ascertained  results,  which,  however, 
usually  agree  well. 

Tlie  remaining  parts  of  the  apparatus  are  a  glass  bo^vl  (c)  fitting  by  a 
caoutchouc  stopper  in  its  bottom  xtpon  tlie  upper  extremity  of  b,  and  a 
glass  tube  30-40  cm.  in  length,  2  cm.  A\'ide,  and  accurately  graduated  in 
0.2  cm.  units  of  capacity. 

A  rough  estimate  of  the  proportion  of  urea  is  formed  either  by  previous 
analysis,  or,  better,  by  inference  from  the  sp.  gr.  of  the  urine,  and  the 
■latter  diluted  in  such  a  way  that  a  specimen  shall  contain  not  more  than 
I  per  cent,  urea.  The  vessel  A,  whose  capacity  is  accurately  known,  is 
filled  by  means  of  a  long  funnel  with  urine,  the  well-greased  tap  closed, 
and  the  bulbous  vessel  b  washed  Avell  with  Avater,  so  as  to  remove  all 
trace  of  urine  from  its  surface.  Another  tube,  about  half  a  metre  lono-, 
may  be  interposed  between  the  upper  end  of  b  and  the  bowl  (c),  with 
the  object  of  prolonging  the  contact  between  the  column  of  urine  and 
the  hypobromite,  and  so  securing  its  complete  decomposition. 

A  fresh  solution  of  hypobromite  is  then  made  in  the  following  man- 
ner: — 100  grms.  of  caustic  soda  are  dissolved  in  250  cc.  of  water,  the 
mixture  allowed  to  cool,  and  25  cc.  of  bromine  added.  The  solution 
must  be  freshly  prepared  for  use,  withheld  from  the  light,  and  kept  in 
a  cool  place.  The  concentrated  fluid  so  prepared  gives  Ijetter  results 
than  the  more  diluted  reagent  formerly  in  use  (Pfiiiger  and  SchencJ,:).-'^^ 
With  the  vessel  c  in  position,  b  is  entirely  filled  with  the  above  solution, 
and  a  concentrated  solution  of  common  salt  is  poured  into  c  to  a  depth 
of  I  cm.  The  graduated  tube  d  is  likewise  filled  with  the  common  salt 
solution,  care  being  taken  to  exclude  air-bubbles,  and  inverted  in  c  over 
the  tapering  extremity  of  b,  which  projects  into  the  solution  of  common 
salt  contained  in  that  vessel.  It  is  fixed  by  a  clamp  in  this  position. 
Distilled  water  may  be  substituted  for  the  salt  solution. 

The  tap  is  now  opened.  The  relatively  heavier  hypobromite  solution 
smks,  and  as  it  does  so  a  rapid  evolution  of  gas  takes  place  and  lasts 
for  15-20  miimtes.  The  nitrogen  formed  collects  in  the  graduated  tube, 
and  when  it  has  ceased  to  be  given  off,  the  latter  is  dosed  with  tlie 
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tliuiiilj  and,  still  inverted,  placed  in  u  cylinder  of  pure  water.  It  is 
there  held  with  a  clamp,  and  is  depressed  as  mucli  as  possible  for  a 
space  of  fifteen  minutes.  After  that  it  is  raised  with  wooden  forceps 
until  the  fluid  in  the  tube  and  that  in  the  cylinder  stand  at  the  same 
level.  The  volume  of  contained  gas  is  then  read  olf,  and  the  barometric 
pressure  and  temperature  are  noted  at  the  same  time. 

From  the  volume  of  nitrogen  obtained  in  this  manner  the  weight  in 
grammes  of  the  urea  taken  may  be  deduced  by  the  following  formula  :— 

v(b-b') 
~  354-3-  760 '  I  +  0.00366O 

Where 

G  =  weight  of  urea  in  grammes. 
V  =  volume  of  gas  generated  (in  cc). 
f  =  temperature. 
/;  =  barometric  record. 

//  =  tension  of  water-vapour  at  temperature  t. 

The  percentage  of  urea  is  expressed  by  the  product  of  x  100 
divided  by  the  volume  of  urine  analysed.  The  number  354.3  is  sub- 
stituted in  the  equation  for  372.7,  since  it  has  been  found  that  from 
I  grm.  of  urea  the  total  quantity  of  nitrogen,  namely,  372.7  cc,  is 
never  obtained  in  this  way,  and  that  the  number  chosen  more  aptly 
represents  the  fact. 

The  value  of  h'  will  be  found  in  Bunsen's  tables,  from  which  the 
following  figures  are  extracted.*35  They  express  in  millimetres  the 
tension  of  water-vapour  at  the  corresponding  temperatures,  which  are 
those  most  commonly  existent : — 


10°  C.  .  .  9.165   14°  C.  -  -  11-90S 

11°  C.  .  .  9  792  I  15°  C.  .  .  L2.699 

C.  .  .  10.457  j  16°  C.  .  .  13-536 

C.  -  -  1 1. 162  :  17°  C.  .  i  14-421 
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18°  C.  .  .  15-357 

19°  C.  -  -  16.346 

20°  c.  .  .  17.391 

21°  C.  .  .  18.49s 


22°  C.  .  -  19.659 

23°  C.  .  .  20.888 

24°  C.  .  .  22.1 84 

25°  C.  .  .  23.550 


To  carry  on  such  iuA-estigations  uninterruptedly  at  least  two  sets  of 
apparatus  should  be  available.  The  researches  of  Pflmjer'''  and  his 
pupils  have  shown  that  the  results  obtained  are  not  entirely  accurate, 
but  sufficiently  approximate.  The  method  has  the  advantage  over 
others  presently  to  be  described,  that  it  can  be  carried  out  quickly. 
Moreover,  the  object  of  a  clinical  investigation  is  less  often  to  ascer- 
tain the  precise  quantity  of  urea  than  to  determine  its  variations  at 
different  times,  and  this  purpose  the  method  admirably  fuliils. 
Huppert^^'  has  shown  that  by  this  process  one  can  ascertain  aj .proxi- 
mately the  total  amount  of  nitrogen  excreted  in  the  urine,  provided 
that  the  uncorrected  number  representing  the  amount  of  nitrogen,  as 
obtained  by  Hiifner's  method,  be  multiplied  by  1.136.    In  the  case  of 
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a  febrile  urine  the  factnr  is  1.18.  Recently  a  ninnlier  of  other  apparatus 
of  the  same,  kiml  have  been  employcd-'-'s  That  of  Lmirie  seems  specially 
serviceable. 

Tlic  (piautitative  estimation  of  urea  may  also  ]jo  eil'ected  liy  Liebi<,''s 
titration  method,  as  modified  by  Pfliiger.     It  will  be  found  described  * 
at  length  in  the  systematic  works  of  Huppert,  Hoppe-Scyler,  and  Lenhe- 
Salkowsh'.-^^^    The  method  of  Mi'mier  and  SJuqvtsf -^-^^  is  also  a  good  one, 
but  the  figures  derived  l)y  it  are  a  little  too  high. 

To  estimate  exactly  the  total  quantity  of  nitrogen  obtainable  from  the 
urinary  products  other  methods  are  needed,  as  those  of  Wtll-VmTcntrajp 
and  J.  K-Jedahl.-^'^''  It  is  often  desirable  to  determine  the  amount  of 
urea  with  reference  to  the  total  excretion  of  nitrogen,  and  this  may  be 
done  by  the  application  separately  of  Murner's  and  Ivjedahl's  methods. 

The  qualitative  tests  for  urea  are  described  in  the  chajDter  on  Blood 
(p.  69).  In  connection  with  urine  they  possess  but  little  practical 
interest. 

XIX.  Kreatinin.  —  In  addition  to  the  substances  mentioned  at 
p.  311,  human  urine  contains  certain  other  nitrogenous  organic  com- 
pounds, by  means  of  which  nitrogen  is  also  ehminated  from  the  system. 
Amongst  these  are  betaiu,  liypoxanthin  (sarkin),  xanthin,  xanthokrea- 
tinin,  kreatin,  and  kreatinin.  The  occurrence  of  these  sulistances  is, 
with  the  exception  of  the  last,  without  cHnical  significance  at  present. 
The  interest  attaching  to  the  separation  of  kreatinin  is  of  a  very  sub- 
ordinate kind,  and  it  wiU  suffice  to  state  a  fcAV  facts  concerning  its 
production,  detection,  and  clinical  import.  For  information  about  the 
other  substances  named  the  reader  may  consult  the  books  of  reference 
already  mentioned. 

The  formation  of  kreatinin  has  been  shown  to  be  intimately  associated 
with  the  decomposition  of  rnuscle-substance,  and  the  quantity  produced 
is  in  direct  relation  to  the  amount  of  flesh-meat  consumed  as  food, 
and,  under  certain  circumstances,  to  the  muscle-waste  withm  the  body. 
Under  these  circumstances  muscle  contams  kreatm,  which  is  changed 
into  kreatinin  as  it  passes  through  the  body. 

This  is  to  be  borne  in  mind  Avlien  a  clinical  inference  is  drawn  from 
the  observation  of  an  increase  or  diminution  of  the  quantity  of  kreatinin 
secreted.  Hitherto  such  inferences  as  were  possible  have  had  but  a 
limited  appKcation  to  the  purposes  of  diagnosis.  They  are  insufficiently 
based,  and  rest  for  the  most  part  on  the  experience  of  individual  cases. 
According  to  Neubmier,'^''  the  quantity  excreted  by  a  healthy  man  is 
about  I  grm.  According  to  Pouchd,^-*^  it  is  i  gnu.  in  the  case  of  the 
male,  0.75  grm.  in  that  of  the  female,  while  kreatinin  is  altogether 
absent  from  the  urine  of  sucklings.  This  i)oint,  however,  is  contested 
by  GroccoJ'^' 
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An  inL'i'eiiMO  in  the  outi)ut  of  kreatinin  has  l)een  observed  in  acute 
<liseiises  of  all  kinds  while  attended  with  fever,  and  in  diabetes  [Senaior),^^ 
and  a  diminntion  in  chronic  nephritis  and  diabetes  insipidus,  in  convales- 
cence after  acute  diseases,  in  chlorosis,  anaemia,  tuberculosis,  and  maras- 
mus, "''''^  and  as  a  consequence  of  insufficient  feeding.**^ 

Kreatinin  is  a  base  which  forms  highly  characteristic  compounds  with 
acids,  such  as  phosphotungstic  and  phosphomolybdie,  hydrochloric  and 
sulphuric,  and  with  salts  of  the  lieavy  metals. 

Qualitatue  Tests. — Kreatinin  may  be  detected  directly  in  the  urine 
by  the  methods  of  TFey/**"  and  Ja0^'>'^ 

Wei/l's  Test. — For  the  application  of  this  test  the  urine  should  be 
freed  from  acetone  by  distillation  (p.  303).  A  freshly  prepared  and 
very  dikite  sokition  of  nitroprusside  of  soda  and  caustic  potash  is 
added.  If  kreatinin  be  present,  the  fluid  will  take  a  beautiful  red 
colour  (like  that  produced  in  LegaVs  test  for  acetone),  which  soon  dis- 
appears, and  does  not  return  with  the  further  addition  of  acetic  acid. 

Jaffes  Test. — A  fairly  concentrated  solution  of  picric  acid  and  a  little 
caustic  potash  are  added  to  the  urine.  If  the  iluid  be  heated,  the 
presence  of  kreatinin  will  be  shown  by  the  appearance  of  a  beautiful 
red  coloration.  Acetone  and  grape-sugar  yield  a  similar  reaction. 
Picric  acid  with  caustic  potash  alone  gives  a  sHght  red  colour. 

Quantitative  Estimation.— Kveatirivsi  forms  with  zinc  cliloride  a  double 
salt  of  slight  solubility,  and  this  property  is  made  the  basis  of  the 
quantitative  method,  which  was  first  devised  by  Neiihaiier  and  modi- 
iied  by  Salkowski.'^'''^ 

Two  hundred  cc.  of  urine  are  mixed  with  a  little  milk  of  lime  until 
the  fluid  has  an  alkaline  reaction.  This  is  to  precipitate  phosphoric 
acid.  A  solution  of  calcium  chloride  is  added  until  a  precipitate  ceases 
to  form.  The  fluid  is  allowed  to  stand  for  half  an  hour,  after  which 
the  precipitate  is  filtered  off  and  repeatedly  washed  with  water,  and 
the  filtrate  and  .vashings  (acidulated  with  a  little  sulphuric  acid)  are 
evaporated  on  the  water-bath  to  a  syrupy  consistence.  To  the  residue 
is  added  50-100  cc.  of  78  per  cent,  alcohol;  the  mixture  is  weU  stn-red 
and  aUowed  to  stand  in  the  cold  for  several  (6-8)  hours;  then  it  is 
filtered,  and  to  the  filtrate  (which,  if  alkaline,  must  be  rendered  acid 
with  acetic  acid)  10-15  drops  of  an  alcohoHc  solution  of  zinc  chloride 
are  added.  The  latter  is  prepared  by  addmg  alcohol  to  a  concentrated 
solution  of  zinc  chloride  xmtil  a  density  of  1.2  is  attained.  After  the 
lapse  of  two  or  three  days  the  precipitate  is  brought  upon  a  filter  of 
known  weight,  and  the  filtrate  as  it  passes  through  is  constantly 
returned  to  wash  the  vessel  which  contamed  the  precipitate.  Allien 
aU  the  precipitate  has  been  brought  upon  the  filter  in  this  way,  it  is 
washed  with  90  per  cent,  alcohol  until  the  filtrate  shows  but  slight 
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opalescence  with  silver  uitrjite  ;  after  which  it  is  dried  to  a  coiistiuit 
weight  iit  100°  C.  One  grra.  kreatinin-zinc-chloride  corresponds  to 
0.6242  gnu.  krcatinin.  The  amount  of  kreatinin  in  the  quantity  of 
urine  taken  may  tlierefore  be  known  by  multiplying  the  cjuantity  of 
kreatinin-zinc-chloride  obtained  b}'  0.6242. 

Kreatin,  which  is  closely  related  to  kreatinin,  does  not  occur  as  such  in  the 
urine,  but  it  is  readily  formed  from  kreatinin  in  alkaline  fluids.  Hence  it  follows 
that  alkaline  urine  should  not  be  employed  clinically  for  the  quantitative  estima- 
tion of  kreatinin. 

In  addition  to  kreatinin  a  number  of  basic  substances  liave  recently 
^  been  isolated  from  urine  by  preciiDitation  with,  phosphotiingstic  acid 
{Tlmdiclium'^^^),  such  as  urochrome,  urotheobromin,  omichol,  and  reduein. 
The  physiological  action  of  these  substances  is  not  yet  known. 

Salomon  has  proved  that  hypoxanthin  is  a  normal  constituent  of 
urine.  Future  researches  will  show  in  what  relation  it  stands  to  cer- 
tain diseases,  or  to  the  putrefaction  bases  presently  to  be  described."*^" 

XX.  Ptomaines  (Putrefaction  Bases)  in  the  Urine.— It  would 

appear  from  the  investigations  of  Pouchet  that  healthy  urine  contains 
traces  of  certain  toxic  substances  of  an  alkaloid  character,  and  accordinsr 
to  the  researches  of  Boucliard,'^°^  Lepine,  and  Guei-in,^^^  these  bodies 
are  more  abundant  under  morbid  conditions.  They  were  found  by 
A.  Villiers  as  an  invariable  manifestation  in  measles,  diphtheria,  and 
pneumonia ;  and  in  the  urine  of  cholera  A.  G.  Pouchet  discovered  an 
alkaloid  which  was  not  identical  with,  that  observed  by  him  in  the  f^ces 
of  the  same  disease  (see  p.  205).  Feltz^^^  found  similar  bodies  in  the 
urine  of  cancer  patients,  and  Lepine  ■'•'^  in  that  of  pneumonia.  Roges  and 
Gaume  observed  that  the  toxic  property  of  the  urine  was  lessened  in 
the  febrile  period  of  pneumonia  (retention  of  potash  salts  ?).  Bouchard  ■'"^ 
discovered  that  human  urine  acted  as  a  poison  when  injected  within  the 
veins  of  animals  (rabbits),  and  he  referred  the  effects  to  various  sub- 
stances, among  Avhich  were  annual  alkaloids.  For  the  detection  of  the 
urinary  alkaloids  the  following  method  has  been  adopted  by  Tanret, 
Bouchardat,  and  Gardier     : — 

To  the  urine  which  has  been  acidulated  with  acetic  acid  a  solution  of 
the  iodide  of  mercury  and  potassium  is  added.  The  precipitate,  which 
contams  the  alkaloids,  is  readily  distmguished  from  those  of  other 
substances,  as  albumin,  mucin,  and  xiric  acid,  obtained  with  the  same 
reagent,  by  its  solubility  in  alcohol  at  a  warm  heat. 

Ch.  Bouchard  rendered  the  urine  alkaline  with  caustic  soda,  and 
derived  a  poisonous  body  as  an  sethereal  extract. 

Pouchet  fixed  the  alkaloid  by  combination  with  tannic  acid,  and 
subsequently  precipitated  it  with  oxide  of  lead  from  alcoholic  solution. 

The  methods  adopted  by  the  other  observers  mentioned  above  differed 
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much  as  to  details.  Tliey  will  Ijc  found  described  at  length  in  the 
original  communications.  That  of  Brieger  {p.  158)  serves  best  for  the 
(ietection  of  animal  allcaloids  in  the  urine.  In  some  cases,  however,  it 
is  important  that  the  urine  be  previously  concentrated  in  vacuo.  Should 
no  result  be  obtained  with  this,  Gautier's*'^''  method  may  next  be  tried. 
Finally,  the  Stas-Otto  method  may  be  applied  to  the  same  purpose. 
(Kee  p.  158.) 

The  diamines  of  the  urine  may  be  precipitated  as  benzoyl  compounds, 
and  best  by  the  action  of  benzoyl  chloride  and  caustic  potash.  Bau- 
mann  and  Udransky  ■^^^  succeeded  in  separatmg  several  basic  derivatives, 
amongst  them  cadaverin  (pentamethylendiamine),  putrescin  (tetraiiiethyl 
diamhie),  and  a  small  quantity  of  a  third  diamine,  from  the  urine  of  a 
patient  with  cystinilria  and  vesical  catarrh  (see  p.  308).    Normal  urine 
Avas  found  to  be  free  from  these  bodies.    The  author  has  been  for  some 
time  engaged  in  observing  the  occurrence  of  similar  poisonous  bases  in 
the  urine  of  health  and  disease,  and  he  has  found  that  normal  urine  and 
that  of  some  diseases,  notably  typhoid,  pneumonia,  leukfemia,  cystic 
pancreas,  and  Weil's  disease.^ea  i^old  such  only  in  very  smaU  quantity. 
He  would  venture  to  make  some  suggestions  for  the  benefit  of  those  who 
are  engaged  with  simHar  researches.    In  the  first  place,  it  would  be  weU 
to  foUow  the  example  of  Brieger,  Baumann,  and  v.  Udransky,  and  with- 
hold the  name  of  alkaloids  from  the  bodies  (diamines)  aUuded  to,  which 
iire  derived  from  the  system  under  morbid  conditions,  because  all  that 
have  been  recognised  as  yet  are  simply  diamines,  and  because  none  yet 
examined  exliibit  the  characteristic  property  of  alkaloids,  namely,  the 
pyridin  radicle.    Next,  it  would  be  desirable  to  discriminate  between 
the  physiological  bases  of  the  urine  (kreatinin,  reducin,  &c.),  which  belong 
normally  to  the  fluid,  and  those  which  are  associated  only  with  certam 
diseased  states.    It  is  not  intended  to  imply  that  the  physiological  bases 
cannot  under  any  circumstances  give  rise  to  the  symptoms  of  cHsease 
or  of  poisoning.    (See  below.)    Experience  is  not  wanting  to  make  it 
seem  in  the  highest  degree  probable  that  the  retention,  and  stiU  more 
the  increased  formation,  of  such  physiological  products  in  certain  dis- 
eases may  induce  symptoms  of  the  gravest  character,  and  gi'catly  nnperil 

the  Life  of  the  patient. 

Again,  it  would  appear  that  in  certain  acute  affections  specific  sub- 
stances of  a  toxic  character,  not  observable  in  normal  urine,  may  be 
excreted  with  that  fluid.  Undoubtedly  the  matter  is  somewhat  obscure. 
The  author's  views  may  be  stated  as  follows.^'o  it  is  possible  to  dis- 
tinguish: — 

(I  )  Clinical  (morbid)  symptoms  depending  upon  the  retention  ot 
the  physiological  bases  (and  under  this  heading  would  come  uraemia) 
and  certain  of  tlie  symptoms  of  obstruction  (rntention-toxicosis). 
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(2.)  Clinical  symptoms,  refemblc  to  the  prcisence  of  ])!i!sic  products, 
wliich  are  formed  in  the  system  (blood,  &c.)  in  disease  and  eliminated 
with-  the  urii:.'  (^noso-toxicosis).  \_Bmscliettini'^'^^  has  conveyed  tetanus 
to  animals  (rats  and  rabbits)  by  injecting  the  urine  of  patients  suffering 
from  that  disease — a  fact  which  •would  make  it  appear  that  the  pfjison 
of  tetanus  is  eliminated  by  the  urine.] 

(3.)  Clinical  symptoms  -which  are  caused  by  the  formation  of  toxic 
basic  substances  from  morbid  matter,  such  as  pathological  fluids  lodged 
in  certain  parts  of  the  system.  Such  bases  are  absorbed,  and  then  give 
rise  to  manifestations  of  severe  jDiDisoiiing.  Under  this  headmg  would 
come  the  collective  symptoms  of  ammonisemia  (see  p.  77),  and  others 
■which  follow  the  absorption  of  gangrenous  pus  (auto-toxicosis).  The 
latter  are  sometimes  characterised  hy  the  jiresence  of  guanin,*'-  and  it 
is  probable  that  the  formation  of  toxalbumins  has  much  to  do  with 
them.  These  may  readily  be  detected  by  the  methods  of  Brieijer  and 
FraenM.*''^ 

(4.)  Clinical  symptoms,  and  consequently  morbid  types,  induced  by 
the  action  of  toxic  bases  taken  into  the  system  with  the  food,  such  as 
the  poison  of  sausages  and  cheese,  p.  158  {exogenic  toxicosis). 

These  distinctions  are  based  partly  upon  clinical  observation  and 
partly  upon  experiments  on  animals.  They  will  serve  as  a  scheme  for 
the  further  elucidation  of  this  very  important  subject. 

If  we  have  dwelt  at  some  length  on  the  result  of  observations  which 
are  not  yet  completed,  we  have  done  so  because  we  believe  that  the 
careful  investigation  of  the  urine  in  this  direction  will  throw  light 
upon  the  nature  of  some  diseases  which  are  at  present  not  sufliciently 
understood. 

XXI.  The  Ferments  of  the  Urine.— The  appearance  in  the 
urine  of  a  body  j'esembling  pepsin  was  long  ago  established  by  v. 
BnicJce.^''^  Sahli,  Leo,  Gehrig,  Stadelmann,  and  Patella '^'^  made  similar 
experiments,  and  confirmed  the  presence  of  pepsin  in  the  urine.  It  has 
been  asserted  that  trypsin  is  also  an  occasional  constituent  of  that  fluid, 
though  some  observers,  Leo,  Stadelmann,  and  Griitzner,^'^  have  failed  to 
find  it. 

With  reference  to  the  pepsin  ferment  of  the  urine,  clinical  interest 
attaches  to  it  from  the  fact  that  it  is  absent  in  typhoid  and  carcinoina 
of  the  stomach, 47T  and  according  to  some  observers  {Mya,  Belfanti*'^)  in 
nephritis. 

For  the  detection  of  pepsin  Sahli's  method  (adapted  from  those  of 
v.  Wittich  and  Griitzner)  may  be  employed.  It  is  founded  upon  tlie 
property  which,  as  v.  Wittich  originally  observed,  blood  fibrin  possesses 
of  readily  alisorbing  that  body  from  solutions.  To  this  end  a  little 
pure  fibrin  is  placed  in  the  urine  and  allowed  to  rest  there  several 
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hours. 


It  is  then  removed,  placed  in  dikite  hydrochloric  acid  (.2  per 
cent.),  and  the  mixture  kept  at  a  temperature  of  30-40°  C.  Any 
pepsin  present  is  precipitated  on  the  fibrin,  and  the  latter  is  slowly 
digested  in  the  acid  fluid. 

Diastatic  ferment  also  is  said  by  Hovoltschiner  and  Rosenberg  to  occur 
in  urme.iTO  The  researches  of  Breusincj^^^  and  observations  made  by 
the  author  tend  to  show  that  the  ferment  in  question  is  in  many  cases 
not  diastase,  but  an  amylolytic  substance.  At  the  same  time  it  must  be 
stated  that  the  author  has  frequently  determined  the  presence  of  diastase 
by  the  usual  methods,  both  in  health  and  disease.  So,  too,  Leo  has 
found  diastase  both  in  healthy  and  in  morbid  urine. 

Milk-curdling  ferment  is  occasionally  present  in  the  urme  {Hovolt- 
scMner,'^^^- Boas,^^'^  Helwes). 

As  to  whether  the  urine  contams  a  ferment  capable  of  decomposing 
urea  into  carbonic  acid  and  ammonia,  opinions  differ.  On  the  one 
hand,  Musculas^''  believes  that  he  has  isolated  such  a  fennent,  but 
Leube^^'-  has  sought  for  it  in  vam  in  urine  which  was  actually  under- 
o-oino-  ammoniacal  fermentation.+si> 

°  B  Inorganic  Substances. -The  inorganic  constituents  of  the 
xaiine  are  for  the  most  part  salts  of  hydrochloric,  sulphuric,  and  phos- 
phoric acids,  to  which  must  be  added  carbonates,  sUicates,  nitrates  and 
nitrites,  and  sulphuretted  hydrogen.  _ 

1  Chlorides  —The  chlorides  of  sodium,  potassium,  ammoimmi,  and 
mac^nesium  are  found  in  the  urine,  and  of  these  we  are  chiefly  con- 
cerned with  chloride  of  sodium.  Of  this  salt  10-15  grms.  are  voided 
by  a  healthy  man  in  twenty-four  hours  ;  but  its  quantity  is  greatly 
influenced,  even  in  disease,  by  the  supply  of  salt  taken  as  food. 

It  is  increased  by  an  abundant  diet  and  as  a  consequence  of  concU- 
tions  which  determme  the  retention  of  cUorides  within  the  systein ; 
and  diminished  in  fevers,  and  notably  in  croupous  pneumonia  The 
elimination  of  chloride  of  sodium  has  also  been  observed  to  be  less  m 
cases  of  chronic  nephritis,  and  sometimes  m  certain  diseases  of  the 

stomach  (G^toWa)-*^^  , 
ZecL  of  morid...-^  urine  is  treated  with  ni  ric  aeid,  and  a 

solution  of  nitrate  of  silver  added.    A  caseous  precipi  ate  soluble  m 

ammonia,  il^soluble  in  nitric  acid,  shows  the  presence  of  cWorides. 

urine  with  chromate  of  potash,  and  gradually  add  mtrate  of  silve  , 
XI  all  the  chlorine  combines  with  the  silver  to  form  sdver  chlorid 
tXL  occurrence  of  a. red  precipitate  (chromate  of  silver)  m  rk 
T      1  nf  fhe  reaction     The  details  of  the  process  will  be  found  in 
!::ront!^;^-i^try.  .a««-^odificationof 
method  is  to  be  preferred. 
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Wlien  to  a  solution  of  jiitrntc  of  .silver  acidulated  witli  nitric  acid  is 
added  some  of  a  solution  of  sulplio-cyanide  of  ammonium,  a  curdy 
white  precipitate  forms,  und  this,  like  chloride  of  silver,  is  insoluble  in 
nitric  acid,  soluble  in  ammonia.    If  the  Hiiid  also  contains  a  ferric  salt, 
a  blood-red  colour  (ferrocyanide)  forms  at  the  moment  Avhen  the  last 
of  the  silver  is  precipitated.    If  now  the  sulpho-cyanide  of  ammonium 
solution  is  of  a  known  degree  of  concentration,  it  is  possible  to  deter- 
mine the  quantity  of  silver  present  Ijy  noting  the  point  at  which  the 
red  coloration  takes  place.    To  apply  this  principle  for  gauging  chlorides 
in  solution  to  the  fluid  containing  them,  a  silver  solution  of  a  definite 
degree  of  concentration  is  added  in  excess,  and  that  portion  of  it  which 
is  not  precipitated  as  chloride  of  silver  is  measured  in  the  manner  indi- 
cated above. 

The  following  solutions  are  needed  in  tlie  jjrocess  :— 

i.  Pure  nitric  acid  of  1.2  sp.  gi'. 

ii.  Concentrated  solution  of  double  sulphate  of  iron  and  ammonia  free 
P'om  chlorine.  It  is  necessary  that  this  be  free  from  chlorine,  and  if 
not  already  so,  it  must  be  purified  by  crystallisation. 

iii.  Nitrate  of  silver  solution  of  definite  strength.    The  cliemicaUy  pure 
crystallme  salt  is  dissolved  in  water  in  the  proportion  of  29.075  -rms 
to  the  htre.    A  cc.  of  this  solution  corresjjonds  to  o.oi  grm.  of  cliloride 
of  sodium. 

iv.  Sulpho-cyanide  of  ammonium  solution.  This  should  be  of  such  a 
constitution that  25  cc.  .shaU  correspond  to  10  cc.  of  the  sUver  solu- 
tion lor  this  purpose  6.5-7  g™s.  of  sulpho-cyanide  of  ammonium  may 
be  dissolved  m  water,  and  more  water  added  to  400  cc.  A  burette  is 
nilecl  witli  the  solution  so  prepared. 

Titration  with  the  sulpho-cyanide  of  ammonium  solution  is  effected 
tluis  :  Ten  cc.  of  the  silver  solution  (iii.)  is  placed  in  a  flask  and 
chluted  ^nth  water  to  xoo  cc. ;  4  cc.  of  nitric  acid  (i.)  are  next  added, 
and  after  that  5  cc.  of  the  double  .sulphate  of  iron  and  ammonia  (ii  ) 
The  mixture  is  well  shaken  up,  and  sulpho-cyanide  of  ammonium  solu- 
tion from  the  burette  is  caref idly  added  until  a  slight  but  permanent  red 
coloration  appears.  The  process  is  repeated  several  times,  the  quantity 
of  the  reagent  employed  in  each  case  being  noted  and  the  mean  taken 

_  In  accordance  with  the  result  obtained,  the  sulpho-cyanide  of  ammo- 
numi  solution  IS  diluted  to  such  a  point  that  25  cc.  shall  correspond  to 
10  cc.  of  the  silver  solution.  Tluis,  if  the  terminal  reaction  (red  colour) 
occxu-s  after  the  addition  of  22  cc,  the  following  formula  may  be  ap' 
phed  to  determine  the  volume  to  which  a  litre  of  the  solution  must  be 
dduted  :-22  :  25  =  1000  : and  x=  1 136.3.  To  the  litre  of  sulpho- 
cyanide  of  ammonium,  tlierefore,  136.3  cc.  „f  water  must  be  added  in 
order  tliat  25  cc.  .shall  correspond  to  10  .r.  of  the  .silver  .solution  (iii.). 

X 
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The  remainder  of  the  process  is  as  follows :— Ten  cc.  of  urine  are 
measured  out  with  a  pipette  and  placed  in  a  graduated  flask  of  loo  cc. 
capacity  ;  50  cc.  of  water  are  added,  and  then  successively  4  cc.  of  the 
nitric  acid  (i.)  and  15  cc.  of  the  silver  solution  (iii.).    The  flask  is  closed 
with  a  glass  stopper  and  well  shaken  up  until  a  precipitate  ceases  to 
form  and  the  fluid  tends  to  clear;  the  flask  is  then  filled  to  the  mark 
100  ;  its  contents  passed  through  a  dry  paper  filter  and  received  into  a 
dried  measure  cylinder  or  a  flask  holding  80  cc.    Tlie  80  cc.  of  fluid 
thus  obtained  are  poured  into  a  larger  flask  of  some  250  cc.  capacity  ; 
S  cc.  of  the  double  sulphate  of  iron  and  ammonia  (11.)  are  added,  and 
the  sulpho-cyanide  of  ammonium  solution  (iv.),  prepared  in  the  manner 
already  mdicated,  is  graduaUy  supphed  from  a  burette,  until  the  termmal 
reaction  is  shown  on  shakmg  the  fluid  by  a  faint  but  abiding  red  colora- 
tion    The  quantity  of  the  sulpho-cyanide  of  ammonium  used  to  eflect 
this  is  now  read  ofi".    Experience  has  shown  that  15  cc.  of  the  silver 
solution  is  more  than  sufficient  to  precipitate  all  the  chlorine  from  urine 
strong  acidulated  with  nitric  acid,  and  that  an  excess  of  silver  nitrate 
remaL  in  solution.    The  excess  of  silver  may  be  measured  volume  ri- 
caUy  by  means  of  the  sulpho-cyanide  of  ammonium  solution,  and  the 

quantity  of  chlorine  m  the  urine  calculated  from  the  difference. 

The  quantity  of  chloride  of  sodium  m  grammes  m  one  htre  ot  the 

urine  may  be  ascertained  by  the  foUowmg  formula  :— 

"Where 

a;  =  the  quantity  of  NaCl  in  a  litre  of  lu-ine  in  grms. 
i2  =  the  quantity  of  sulpho-cyanide  solution  used  in  cc. 

The  formula  is  derived  thus :—  .   i       1  i  ■ 

Ten  cc  of  the  silver  solution  correspond  to  25  cc.  of  the  sulpho- 
cyanide  of  ammonium,  and  consequently  15  cc.  of  the  former  to  37-5  cc. 
of  the  latter.  For  100  cc.  of  the  fluid  examined,  therefore,  are  needed 
,7  .  cc.  of  the  sulpho-cyanide  solution  less  by  five-fourths  of  the  total 
qulity  of  the  latter  employed.  Smce  80  cc.  of  the  titration  fluid, 
ie  sulpho-cyanide,  was  used,  consequently  100  cc,  bemg  the  volume 
of  the  original  fluid,  will  require  five-fourths  of  the  quantity  read  off 

(on  the  burette).  , 

Now  25  cc.  of  the  sulpho-cyanide  correspond  to  10  cc.  of  the  sll^el 
solution,  and  therefore  i  cc.  of  the  former  to  0.4  cc.  of  the  letter 

One  cc  silver  solution  corresponds  to  o.oi  grm.  sodium  chloude  , 
o  4  cc.  silver  solution  corresponds  to  0.004  gmi.  sodium  cliloride. 

Th  refore,  to  obtain  the  quantity  of  chloride  in  the  volume  (xo  cc  ) 
of  uS"  tested,  the  expression  [37.S  "  I  ^1  be  midtiphed  by  0.004, 
or  by  o.4  =  tV  ^o^'  ^^^^'"^  ^^'^ 
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2.  Sulphates.— Sulpliuric  ucid  i.s  pro.scnt  in  tlic  urine  both  a.s 
simple  (preformed)  sulphuric  acid  and  as  aether-sulphuric,  (compound 
sulphuric)  acid  (see  p.  294).  The  combinations  of  the  latter  acid  have 
been  already  spoken  of.  Further,  the  urine  contains  suliiluir  as  sulpho- 
cyanides,«i  hypo-sulphites  (thio-sulphates  4"^)^  and  sul].]iuretted  hydrogen 
(see  also  p.  327). 

The  total  quantity  of  sulphuric  acid  excreted  in  twenty-four  hours  by 
a  healthy  adult  under  ordinary  conditions  of  diet  is  about  2  grms.  of 
which  o.  I  gnu.  is  in  the  form  of  asther-sulphuric  acid  compounds. 

Sodium,  potassium,  magnesium,  and  calcium  sulpliates  are  found  in 
the  urine  (see  pp.  240,  249).  But  little  clinical  significance  attaches 
to  a  general  increase  or  diminution  in  the  output  of  sulphuric  acid  in 
disease.  Of  far  greater  import  are  changes  of  the  relative  quantities 
of  simple  and  of  aether-sulphuric  acids  (see  p.  294). 

Thus  a  urine  rich  in  indigo  compounds  contains  Httle  of  the  pre- 
formed sulphuric  acid,  and  in  carbolic  acid  poisoning  this  may  entirely 
disappear. 

Detection  of  Simple  Sulphuric  Acid.—T\iQ  urine  is  filtered  if  tm-bid, 
acidified  with  acetic  acid,  and  solution  of  chloride  of  barium  added.' 

fine  precipitate,  barium  sulphate,  forms.  This  reaction  never  fails 
with  the  normal  fluid. 

Estimation  of  Simple  Sulphuric  ^c«rf.— This  may  be  efi-ected  by 
determining  first  the  total  quantity  of  sulphuric  acid  present,  and  then 
that  of  sether-sulphuric  acid,  according  to  the  methods  indicated  at 
p.  297.  The  difi-erence  will  be  the  quantity  of  free  sulphuric  acid 
sought. 

Estimation  of  the  Total  Quantity  of  Sulphur.—Wheve  it  is  of  conse- 
quence to  ascertain  the  total  quantity  of  sulphur  in  the  urine,  the  best 
plan  IS  to  evaporate  the  alkaline  urine,  either  the  whole  or  a  known 
proportion  of  it,  on  the  water-bath,  then  to  fuse  the  incinerated  residue 
with  saltpetre  and  soda  (Heffter^^^)  to  extract  the  fused  mass  witlr 
bodmg  water,  and  to  proceed  further  as  directed  in  the  process  for 
determining  the  total  quantity  of  sulphuric  acid  on  p.  298  The  extr-ict 
IS  treated  with  barium  chloride,  and  the  siUphur  estimated  as  barium 
sulphate. 

3.  Phosphates.-The  phosphoric  acid  of  tlie  urine  is  combined 
partly  witli  sodium,  potassium,  and  ammonium,  and  partly  with  lime 
and  magnesia.  Being  a  tribasic  acid,  it  forms  tliree  classes  of  salts- 
acid  neutral,  and  basic.  Of  these,  tlie  acid  phosphates  of  alkalis  and 
alkaline  earths  and  the  neutral  and  basic  phosphates  of  the  alkalis  are 
soluble  in  the  urinary  fluid.  The  neutral  phosphates  of  the  alkaline 
earths  arc  but  little  soluble  tliereii;,  and  their  basic  phosphates  still 
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Upon  this  fact  depends  the  deposition  of  phosphatic  sediment  when  the  urine 
is  boiled.  The  acid  and  neutral  phosphates  of  the  alkaline  earths  are  changed  in 
the  process  into  the  insoluble  basic  salts.  The  phosphorus  salts  occur  partly  in 
solution  and  partly  as  a  crystalline  deposit  (see  pp.  242,  247). 

Two  to  tlirec  gnus,  of  pliosplioric  acid  is  excreted  in  twenty-four  hours. 

According  to  Lennmalm,'^'^^  the  amount  is  the  same,  in  ])roportion  to 
tlie  body  weight,  in  children  as  in  adults. 

It  appears,  especially  from  the  researches  of  French  authors,^'^^^  that 
in  certain  morbid  states  the  phosphatic  constituent  undergoes  notable 
increase,  and  that  consequently  a  condition  of  phosphaturia,  analogous 
to  that  of  oxaluria,  may  properly  be  spokei  of;,  and  further,  that  this 
condition  may  take  the  place  of  glycosuria  in  diabetes.  The  subject, 
however,  is  still  under  discussion.  A  diminished  ehmmation  of  phos- 
phates was  observed  by  .Stolms^''  in  arthritis,  and  v.  JaA-scZ;  unlike 
other  observers,  has  found  that  in  some,  though  not  all  cases  of  lobar 
pneumonia  amongst  children,  the  quantity  of  phosphoric  acid  ehmmated 
<luring  the  contmuance  of  fever  was  increased  as  compared  with  the  non- 
febrile  period.*^'    Lennmalm^^^  has  studied  tliis  subject  m  connection 

with  children.  n,  i- 

4  phosphatic  sediment  does  not  imply  phosphaturia.«».  Ihe  diagnosis 
of  this  condition  can  be'  safely  based  only  upon  the  quantitative  estima- 
tion of  phosphoric  acid,  and  this  is  effected  best  by  iVe^iiawer's  ^oo  method 
of  titration  with  a  solution  of  uranium  oxide  (see  below). 

Detection  of  Phosphates.— The  urme  is  treated  mtli  caustic  potash 
and  heated.  '  The  phosphates  are  precipitated  as  earthy  phosphates. 
By  the  addition  of  ammonia  they  may  be  precipitated  mthout  heat 
.  To  detect  the  presence  of  phosphoric  acid  in  combination  vnth  alkalis, 
the  urine  is  treated  with  ammonia  and  fUtered,  and  to  the  filtrate  an 
ammoriacal  solution  of  magnesia  (a  mixture  of  sulphates  of  magnesia 
and  ammonia)  is  added,  whereby  the  phosphates  are  precipitated  as 

triple  phosphate.  . 

Another  method  is  to  treat  the  filtrate  {vide  supn)  with  acetic  acid, 
when  the  further  addition  of  uranium  solution  yields  a  yellowish-white 

Thf  ttnie  filtrate  with  perchloride  of  iron  solution  gives  a  white 
precipitate,  which  becomes  yellow  on  the  addition  of  more  of  the  per- 

'^S;«^^■o«  of  Fhosjphoric  AmL --To  uiine  which  contains  the  phos- 
phates as  acid  phosphates,  uranium  acetate  or  nitrate  is  added  in  s  u^um 
until  an  excess  of  the  reagent  fir.st  becomes  appreciable.    If  the  "itiate 
e  used,  free  nitric  acid  forms,  and  causes  a  part  of  the  precipiteted 
aZm  phosphates  to  redissolve.    To  prevent  this,  in  practice  a  little 
d^^r  acetate  is  added  to  the  urine  before  titration  with  uranium 
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nitrate.  As  an  indicator  a  little  tincture  of  coc^liineal  is  emi)loyed. 
This  yields  a  green  precipitate  in  presence  of  a  uraninni  salt  in  excess. 
[Instead  of  the  cocliineal  fluid  a  solution  of  potassium  ferrocyanide  (i  in 
10)  may  bo  used.  This  reagent  deposits  a  deep  brown  ])recipitato  witii 
a  mer(!  trace  of  a  uranium  salt.] 

This  test,  ho-\ve\'er,  is  less  sensitive  in  presence  of  acetate  of  soda  than 
in  simple  watery  solutions.  Hence  it  is  necessary  to  use  a  definite 
quantity  of  the  salt,  and  to  take  care  that  tlie  proportion  is  maintained 
in  preparing  the  titration  fluid. 

The  solutions  required  for  the  process  are  : — 

i.  Solution  of  Acetate  of  Soda. — A  hundred  grms.  of  acetate  of  soda 
are  dissolved  in  800  cc.  of  water,  100  cc.  of  a  30  per  cent,  solution  of 
acetic  acid  added,  and  the  mixture  made  up  to  a  litre.  Fi\-e  cc.  are 
employed  with  50  cc.  of  urine. 

ii.  Cocliineal  Tindure.^'^^—K  cold  infusion  is  made  of  a  few  grms.  of 
cochineal  in  a  quarter  of  a  litre  of  a  fluid  composed  of  3-4  parts  of  water 
with  I  of  alcohol,  and  the  solution  filtered  for  use. 

iii.  Solution  of  Uraniuvi  Oxide. — About  20.3  grms.  of  commercial 
uranium  oxide  purified  and  well  dried  is  dissolved  in  pure  acetic  acid, 
or  in  the  smallest  possible  quantity  of  nitric  acid,  and  the  preparation 
made  up  to  a  litre.    Of  the  mixture  i  cc.  indicates  5  mgrms.  of  P,0... 

iv.  A  Solution  containinc/  a  Definite  Quantity  of  Phosplwric  Acid.  

Fifty  cc.  shovdd  contain  precisely  o.i  grm.  P^Oj.  The  preparation  is 
made  by  dissolving  10.085  grms.  of  neutral  phosphate  of  soda  in  a  litre 
of  water.  The  conrmercial  salt  should  be  crystallised  from  solution  to 
obtain  it  free  from  chlorine,  so  that  no  precipitate  forms  with  nitrate 
of  silver  and  nitric  acid.  The  crystals  are  then  placed  on  paper  in  a 
funnel,  the  neck  of  wliich  is  stopped  with  glass  wool  and  allowed  to 
dry  there  until  the  mother  liquid  is  no  longer  found  to  adhere  to  them. 
A  known  weight  is  then  taken  and  rubbed  up  in  a  mortar  and  a  portion 
of  the  powder  submitted  to  a  gentle  heat  in  a  platinum  cruci1,le,  and 
finally  incinerated.  266  grms.  of  sodium-pyrophosphate  (Na^P ,0-)  corre- 
spond to  716  grms.  K^HPO,  +  izH^O.  Consequently  that  quantity 
of  the  dried  crystals  which,  when  incinerated,  yields  266  grms.  corre- 
sponds to  716  grms.  of  pure  i)hosphate  of  soda. 

Titration  Process.— Tiity  cc.  of  the  phosphoric  acid  solution  (iv.)  are 
nieasm>ed  into  a  flask,  5  cc.  of  the  solution  of  acetate  of  soda  (i.)  and  a 
few  drops  of  the  cochineal  tincture  are  added,  the  mixture  boiled,  and 
the  uranium  solution  (iii.)  gradually  supplied  until  the  mixture  becomes 
slightly  but  permanently  green  on  shaking.  In  the  process  a  hi^h 
tenqjerature  should  be  maintained,  to  promote  the  formation  of  uranium 
phosphates.  [When  ferrocyanide  of  potassium  is  used  as  the  indicator 
tlie  addition  of  the  uranium  solution  is  .suspended  when  a  precipitate 
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ceases  to  form.  The  fluid  is  again  heated  and  a  drop  is  tested,  by  adding 
to  it  a  drop  of  ferrocyanide  in  a  porcelain  capsule.  The  further  supply 
of  uranium  solution  is  regulated  by  the  earliest  appearance  of  a  brown 
colour  in  the  specimens  successively  tested.] 

The  uranium  solution  is  now  diluted,  according  to  the  quantity  found 
to  be  necessary,  as  above,  in  siich  proportion  that  20  cc,  shall  just 
,suffice  for  the  titration  of  50  cc.  of  the  phosphoric  acid  solution. 

Now,  50  cc.  of  the  phosphoric  acid  solution  represent  o.i  grm.  TgO^, 
and  consequently  20  cc.  of  the  diluted  uranium  solution  also  correspond 
to  0.1  grni.  P2O5. 

The  titration  process  is  repeated  with  the  urine  in  precisely  the  same 
-manner  as  before:  50  cc.  are  taken,- 5  cc.  acetate  of  soda  and  a  little 
cochineal  added,  and  the  mixture  heated  and  the  terminal  reaction 
.sought. 

Every  cubic  centimetre  of  the  uranium  oxide  solution  employed  in 
titration  represents  5  mgrms.  P.p^.  Hence  the  phosphoric  acid  con- 
tained in  50  cc.  of  urine  may  be  calculated  by  nudtiplymg  the  number 
of  cubic  centimetres  of  uranium  oxide  solution  used  by  0.005.  The 
result  is  the  quantity  of  phosphoric  acid  in  grammes  contained  in  50  cc. 
of  urine.  It  is  advisable  in  each  case  to  make  tAvo  such  mvestigations 
and  to  take  the  mean  of  their  results. 

4.  Carbonates.— The  carbonates  of  lime,  magnesia,  and  amuionia 
are  sometimes  present  in  the  urine..  The  latter  salt,  however,  is  found 
in  large  quantity  only  as  a  result  of  alkaline  decomposition.  Heintz 
has  proved  that  ammonium  salts  may  be  detected  in  every  specimen  of 
urine,  Avhether  decomposed  or  not.  They  may  be  shown  best  by  the 
addition  of  milk  of  lime  in  a  test-tube,  when  ammonia  is  given  off,  and  • 
if  a  piece  of  red  litmus  paper  be  moistened  and  held  over  the  mouth  of 
the  test-tube,  it  becomes  blue.  Ammonium  carbonate  in  considerable 
quantity  occurs  only  in  decomposing  alkalme  urine  (see  p.  216).  The 
method  described  on  p.  141  wiU  serve  for  the  quantitative  estimation 
of  ammonia. 

Test.—TYie  presence  of  carbonates  in  the  iirme  is  shown  by  the  evolu- 
tion of  a  colourless  gas  on  the  addition  of  acid,  and  this  gas  will  render 
baryta  water  turliid.^"- 

■    5.  Nitrates  and  Nitrites.— Nitrates  and  nitrites  occur  m  the  urme 

{Schdnbeiny-'    Nitric  acid  is  thought  to  be  derived  from  the  water  and 

food  ingested  {Rohmann)?'^'' 

Nitrites  occur  only  in  decomposing  urine,  and  are  derived  from  the 

reduction  of  nitrates  in  urinary  fermentation. 

Tests  for  Nitrites .—  .       ,      ,  ,  • 

(fl.)  Solution  of  iodide  of  starch  paste  in  presence  of  dilute  sulphuric 

acid  (see  p.  83). 
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{//.)  Metadianiido-benzol  is  coloured  a  deep  yellow  by  nitrites. 

Amongst  the  inorganic  constituents  of  the  uriuo  tlicre  remain  to  he 
mentioned  silicic  acid  and  salts  of  iron,  wliicli  are  sparingly  repre- 
.■^entcd. 

Strumpell^'^"  found  liyposulpliurous  acid  in  a  case  of  typhoid.  The 
urine  became  turbid  from  the  separation  of  sulphur  on  the  addition  of 
hydrochloric  acid.  The  plan  adopted  by  SaUwn-ski  and  Presch  is  to 
distil  the  urine  Avitli  hydrochloric  acid,  when  a  deposit  of  sulphur  takes 
place  in  the  ujjper  part  of  the  condensing  tube.  If  sulphur  be  present 
in  small  quantity,  this  has  the  appearance  of  a  faint  blue  exhalation.  It 
shoidd  be  mentioned  further  that  urine  contains  traces  of  silicic-acid 
{Pfeiffer^^'<)  and  iron  salts. 

6.  Sulphuretted  Hydrogen  (Hydrothionuria).— Suljjhuretted 

hydrogen  is  rarely  present  in  the  urine,  but  it  can  always  be  obtained 
from  it  by  heating  with  mineral  acids.*^"^  It  has  been  ascertained 
{Beb:,  Senator,  Ottavio  Stefano'^''^^)  that  when  retained  in  the  system 
in  considerable  quantity  it  may  produce  toxic  effects  (auto-intoxication). 
In  the  great  majority  of  cases,  according  to  Miiller'^'^^  and  others, 
hycbothionuria  is  due  to  a  sulphuretted  hydrogen  fermentation  of  the 
urine,  caused  by  the  action  of  certain  micro-organisms. 

This  gas  is  sometimes  derived  from  the  alimentary  canal,  and  its 
presence  depends  upon  an  abnormal  communication  between  the  urinary 
passages  and  the  gut.  Betz  further  maintains  that  it  may  pass  by 
endosmosis  from  the  intestine  into  the  urine ;  and  it  would  appear  also 
that  the  gas  may  be  absorbed  from  the  intestine  by  the  blood,  and  so 
find  its  way  into  the  urine.  This,  according  to  Miiller,  is  a  rare  event, 
and  happens  only  when  the  quantity  of  sulphuretted  hydrogen  is  so 
great  as  to  give  rise  to  symptoms  of  general  poisoning. 

Tests.— The  mine,  which  should  be  acid,  is  placed  in  a  flask,  which 
is  closed  by  a  tight-fitting  cork.  From  the  latter  depends  a  strip  of 
blotting-paper  soaked  in  sugar  of  lead  and  caustic  soda.  If  sulphuretted 
hydrogen  be  present,  the  paper  timis  black. 

Fr.  Milller  recommends  the  following  plan  :— A  current  of  air  is  passed 
through  the  urine,  and  directed  by  means  of  a  fine-pointed  glass  tube 
upon  a  strip  of  blotting-paper  soaked  in  alkaline  sugar  of  lead  solu- 
tion. If  sulphuretted  hydrogen  be  present,  the  paper  is  blackened. 
Emil  Fischer's^^^  test  is  also  applicable  to  the  urine.  Some  particles  of 
p-amido-dimethylanilin  are  added  to  a  few  cc.  of  water,  and  a  little  con- 
centrated sulpliuric  acid  and  one  or  two  drops  of  a  yellow  solution  of 
perchloride  of  iron  supplied.  The  reagent  is  poured  on  the  surface  of 
the  urine  to  be  tested,  when,  if  sulphuretted  hydrogen  be  present,  a  blue 
ring  (methylene-blue)  forms  at  the  ])lace  of  contact  of  the  two  fluids. 
This  ring  often  takes  some  minutes  to  develop. 
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7.  Peroxide  of  Hydrog'en. — This  Ijody  was  first  observed  ill  the 
urine  by  Schunbein.-'^-    Its  presence  there  has  no  pathological  iniijort. 

Test. — Dilute  solution  of  indigo  is  bleached  by  peroxide  of  hydrogen 
in  presence  of  sulphate  of  iron  solution.'"'''  Tetra-paper  (see  p.  134) 
immersed  in  the  fluid  will  show  the  presence  of  ozone  by  taking  a  blue 
colour. 

8.  Gases  of  the  Urine.— The  urine  contains  a  small  proportion  of 
gases,  which  may  lie  withdrawn  from  it  by  the  air-pump.  They  are 
chiefly  carbonic  acid,  oxygen,  and  nitrogen-''^-* 


IV.  CHARACTERS  OF  THE  URINE  IN  DISEASE. 

I.  The  Urine  in  Febrile  States.— In  fever  the  urine  is  diminished 
in  quantity,  acid,  deeply  coloured,  and  of  high  sp.  gr.  On  standing,  it 
often  deposits  an  abundant  sediment  of  urates.  Microscopically  it 
exhibits  a  profusion  of  crystals  of  uric  acid  and  urates,  and  a  few 
hyaline  casts,  with  scattered  leucocytes,  renal  epithelium,  or  fungi  on 
their  surface.  It  commonly  contains  a  small  quantity  of  albumin 
(febrile  albuminuria)  or  acetone  in  variable  proportion.  Diacetic  acid 
may  be  present  Avhen  the  disease  is  of  an  acute  infectious  character,  or 
when  its  subject  is  a  child.  In  the  first  case  it  betokens  great  danger  ; 
not  so  in  the  latter. 

The  presence  of  peptone  (p.  264),  with  or  without  serum- albumin  and  in  con- 
jmiction  with  the  clinical  symptoms  of  a  puerperal  or  hsematogenic  origin, 
indicates  the  formation  and  absorption  of  pus  within  the  system. 

Accordmg  to  Ehrlich/^^'^  it  is  characteristic  of  the  urme  in  typhoid, 
measles,  and  acute  tuberculosis  to  yield  a  deep-red  colour  mth  diazo- 
benzol-sulphonic  acid.    Authorities  differ  much  as  to  the  diagnostic  value 
of  this  reaction.    On  the  one  hand,  the  opinion  of  Ehrlich  is  supported 
by  E.  B.  Ooldschmidti'^^  while  PeiizolcU     and  Petri dissent  from  it. 
Ehrlich  obtains  the  reaction,  not  with  dia-benzol-sulphonic  acid  itself, 
but  with  sulphanihc  acid.    Fifty  cc.  hydrochloric  acid  are  made  up  to 
1000  cc.  Avith  water  and  sulphanilic  acid  added  to  saturation.    To  200 
cc.  of  the  mixture  5  cc.  of  a  J  per  cent,  solution  of  sodium  nitrite  are 
added,  and  the  resulting  fluid  is  added  to  the  urine  in  equal  parts. 
Ehrlich     has  recently  recommended  that  five  to  six  times  the  volume 
of  absolute  alcohol  should  be  added  to  the  fluid  to  be  tested,  and  the 
reagent,  prepared  as  above,  then  added  drop  by  drop  to  the  filtrate. 
Normal  urine  gives  a  yellow  colour,  while  the  mine  of  fever  patients, 
&c.,  turns  scarlet.''-^    The  author's  experience  would  induce  him  to  dis- 
claim/or this  test  any  clinical  importance  whatever,  and  he  would  especialh/ 
enjoin  the  necesdty  of  avoidinr/  inferences  based  npnn  the  appearance  of 
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the  reaction  indirateil.  He  believes  that  tlie  culoiir  wlien  ul)tiiiiiecl  is 
always  due  to  the  presence  of  iicetoue,  and  he  prefers  to  rof^ard  the  pro- 
cess rather  as  an  uncertain  indication  of  that  liody  tlian  as  a  test  for 
anything  else.'^-i 

It  will  be  seen  from  tiiis  brief  statement  that  a  careful  analysis  of  the 
urine  -will  serve  to  make  evident  the  details  of  acute  processes  earlier 
and  more  readily  than  the  methods  formerly  at  our  disposal.  Other 
lines  of  investigation  are  appropriate  to  certain  acute  affections;  thus, 
for  instance,  in  ]meumonia  the  presence  of  clilorides  will  l)e  sought. 

II.  The  Urine  in  Disorders  of  the  Circulation  (Congestion). 

— Under  such  conditions  the  urine  in  its  physical  characters  closely 
resembles  that  of  fever.  It  is  diminished  in  quantity,  of  acid  reaction, 
and  high  sp.  gr.  (1.02 5- 1.035).    It  connnonly  deposits  urates. 

Cliemically  it  may  lie  distinguished  from  fever  urine  liy — 

(i.)  The  absence  of  acetone  and  diacetic  acid. 

(2.)  The  presence  of  albumiii  in  greater  quantit}-. 

Microscopically,  and  especially  when  the  congestion  is  chronic,  the 
urine  exhibits  some  leucocytes  and  altered  red  blood-corpuscles,  often 
also  hyaline  casts  and  cylindrical  aggi-egatioiis  of  urates  (see  p.  224, 
fig-  94))  waxy  and  a  few  granular  casts  and  renal  epithelium.  Such 
constituents  indicate  secondary  changes  in  the  kidney  of  a  chronic 
inflammatory  character. 

[The  Urine  of  VWca&iB.—H(dc-Whitc°"  has  pointed  out  that  tlie  urine  of 
phthisis  exhibits  two  peculiarities.  Such  urine  remains  acid  for  a  very  lono- 
time,  occasionally  for  several  months,  and  contains  few  bacilli,  but  a  large  pro° 
portion  of  yeast-like  organisms.  The  persistence  of  acidity  is  probably  due  to 
a  form  of  acid  fermentation.  The  urine,  when  kept  for  a  long  time,  turns  verv 
dark  in  colour,  some  specimens  becoming  quite  black.  The  cause  of  this  change 
is  not  known.] 

III.  The  Urine  in  Diseases  of  the  Urinary  Org-ans. 
1.  Renal  Affections. 

(o.)  Acute  Nephritis.— In  this  disease  the  urine  is  at  first  diminished 
ni  quantity— 500-800  cc.  or  less  being  passed  in  twenty-four  hour.s— 
of  acid  reaction,  and  high  sp.  gr.  (1.015-7.025).  The  sp.  gr.  rarely 
attains  to  so  gi-eat  a  height  as  in  the  urine  of  congestion.  It  ranges  in 
colour  from  blood-rod  to  that  of  a  watery  extract  of  meat,  and  the 
presence  of  blood-pigment  in  considerable  quantity  may  lie  determined 
by  Heller's  test  or  by  spectroscopic  examination.  In  the  latter  case,  if 
the  urine  be  fre.sh,  the  characteristic  bands  of  methromogloliin  may  be 
visible. 

Chemical  analysis  shows  large  quantities  of  albumin. 
Microscopical  investigation  of  the  sediment  affords  the  clue  to  the  con- 
dition.   It  exhibits — 
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(i.)  Red  blood-corpuscles  in  variable  proportion.  These  are  for  the 
most  part  altered,  and  present  the  appearance  of  washed-out  discs 
(phantom  corpuscles). 

(2.)  Some  leucocytes.     These  are  always  less  numerous  than  the 
]iliantom  cells  just  mentioned. 

(3,)  p:pithelium.  Chiefly  smaU  polyhedral  uninuclear  cells  from  the 
urinary  tubides,  with  a  few  otliers  derived  from  the  renal  pelves  and 
bladder. 

(4.)  Casts.  These  are  (a)  formed  of  blood-corpuscles ;  (6)  formed  of 
leucocytes ;  (r)  formed  of  renal  epitlielium ;  {d)  hyaline,  more  or  less 
thickly  beset  with  epithelial  cells  and  red  or  white  blood-corpuscles. 

Such  are  the  microscopical  constituents  of  the  sediment  at  the 
outset  of  an  acute  nephritis,  as  in  the  first  and  second  days  of  the 
nephritis  of  scarlatina  and  erysipelas.  They  alter  their  character  a.s 
the  disease  progresses,  and  after  the  lapse  of  a  few  days,  and  side  by 
side  mth  those  described,  appear  the  metamorphosed  casts,  granular  and 
waxy,  &c. 

When  in  the  course  of  chronic  nephritis  an  acute  exacerbation  takes 
place   the  urine  possesses  a  similar  character  to  that  described  above. 
But,  as  before,  the  description  applies  with  fuU  force  only  to  the  earlier 
period  of  the  attack.    If  death  from  uraemia  or  oedema  of  the  Ivmgs 
does  not  ensue,  the  physical  characters  of  the  urine  tend  graduaUy  to 
return  to  those  of  health.    It  is  more  abundant,  the  contained  blood 
..rows  less,  and  then  a  light  flesh-water  tint  alone  declares  the  existence 
of  acute  nephritis.    Albuminuria  becomes  less  marked,  and  finaUy  ceases 
with  the  approach  of  health.    The  other  signs,  recognisable  only  by 
means  of  the  microscope,  disappear  with,  or  shortly  after,  the-  cessation 
of  the  albimiinuria.     It  must  be  borne  in  mind  that  to  justify  the 
diagnosis  of  nephritis  the  formed  material  of  the  urine  must  be  present 
in  considerable  quantity. 

The  occmTence  of  micro-organisms  has  been  noticed  at  p.  235. 

(b  )  Chronic  Nephritis.— The  urine  is  normal  in  quantity,  or  some- 
what lessened  (1200-1500  cc.  daily),  acid,  and  of  noi-mal  sp.  gi".  It 
usually  contains  a  very  considerable  proportion  of  albumin.  Jhcvo- 
scopically  the  sediment  is  very  variable  in  character,  but  renal  epithehum 
is  never  absent,  and  the  ceUs  are  often  fatty.  There  are  metamorphosed 
casts  of  different  kinds,  especially  granular  casts  and  hyahne  casts 
covered  with  blood-corpuscles  or  renal  epithehum  (p.  226).  ihese  are 
of  special  importance  in  diagnosis.  ■ 

The  occurrence  of  casts  composed  of  fatty  matter  or  overlaid  ^Mth 
fat-crystals  indicates  advanced  fatty  degeneration  of  the  renal  tissue 
(p.  229). 
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It  occasioiicolly  happens  that,  with  all  the  symptoms  of  chronic  nephritis 
present,  no  trace  of  casts  or  epithelium  can  bo  found  in  the  urine.  This  occurs 
most  often  in  long-standing  and  very  chroi\ic  cases.  Schi-icald^-^  has  called 
attention  to  the  occasional  absence  of  casts  from  the  urine  of  nephritis,  and 
believes  that  this  is  to  be  accounted  for  hy  their  solution  by  pepsin  (see  p.  319)  in 
acid  urine.  To  guard  against  this,  he  suggests  that  the  urine  should  be  allowed 
to  stand  only  for  a  short  time  and  at  a  low  temperature.  To  obtain  the  deposit 
by  means  of ,  the  sedimentator  would  undoubtedly  add  an  element  of.  certainty. 
Olascr^--^  has  shown  that,  as  the  result  of  moderate  indulgence  in  alcohol,  the 
non-albuminous  urine  of  healthy  persons  may  contain  abundance  of  leucocj-tcs 
and  casts  of  all  kinds.  These  he  ascribes  to  irritation  of  the  kidney  by  alcohol. 
In  conclusion,  it  may  be  stated  that  in  rare  cases  of  chronic  nephritis  the  urine 
is  altogether  normal. 

(c.)  Contracted  Kidney. — Tlie  quantity  of  urine  is  very  greatly  in- 
creased— 4000  to  5000  cc.  being  passed  in  the  twenty-four  hours.  Its 
reaction  is  acid  and  sp.  gr.  low  (1.008-1.012  and  less).  In  this  respect, 
liowever,  exceptions  are  not  uncommon.  The  author  lias  met  with 
cases  in  which  the  quantity  of  the  excretion  was  diminished  and  tlie  ,sp. 
gr.  proportionally  increased.  It  is  pale  in  colour,  and  contains  hut  little 
albumin,  sometuiies  only  a  mere  trace.  The  sediment  is  usually  scantj^, 
and,  Avhen  examined  with  the  microscope,  exhibits  generally  biit  a  few 
liyaliiie  and  some  granular  casts 

It  is  to  be  observed  that  even  those  cases  in  which  only  a  trace  of  albumin  is 
to  be  found  (small  red  kidney  of  Ribhert)  often  rim  a  particularly  unfavourable 
course. 

i'L)  Amyloid  Kidney.— In  this  condition  the  urine  presents  charac- 
ters which  are  for  the  most  part  similar  to  those  of  contracted  kidney, 
that  is  to  say,  it  is  increased  (tliough  sometimes  normal)  in  quantity,  of 
acid  reaction,  and  low  sp.  gr.  As  a  rule,  liowever,  it  contains  more 
albumin. 

Microscopical  examination  of  the  sediment  shows  hyaline  casts  in 
comparative  abimdance  and  some  epithelium.  The  microscopical  ap- 
pearances, however,  are  subject  to  much  variety,  and  the  author  has 
observed  cases  which  were  hardly  to  be  distinguished  from  those  of 
cliromc  nephritis.  The  amyloid  reaction  (iodo-potassic-iodide  and  sul- 
phuric acid,  &c.)  with  the  casts  cannot  be  depended  upon,  since,  on  the 
one  hand,  it  is  often  obtained  when  the  post-mortem  appearances  show 
ho  amyloid  degeneration  of  the  kidneys,  and,  on  the  other,  it  is  absent 
m  many  cases  Aviiere  the  symptoms  (enlarged  spleen  and  liver,  &c.)  point 
to  this  condition. 

(e.)  Uraemia.-T]ie  urine  in  cases  where  tlie  symptoms  ,)f  urremia 
supervene  is  always  rich  in  albumin,  and  microscopically  resembles 
that  of  nephritis.  It  is  scanty  in  a  degree  that  sometimes  amounts  to 
anuria,  and  even  when  greatly  reduced  in  (juaUtitv,  we  often  find  that 
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its  .sp.  gr.  is  still  lielow  the  healthy  standard.  Again,  the  quantity 
excreted  luaij  remain  unaltered,  hut  the  sp.  gr.  in  such  cases  is  always 
greatly  reduced. 

When  the  urine  is  of  this  character,  it  woidd  seem  to  hold  poisonous 
bases  in  smaller  quantity  than  ordinarily.''^^'^ 

What  has  been  said  here  applies  only  to  typical  forms  of  renal  disease.  The 
appearances  are  modified  according  to  the  various  anatomical  perversions  of  the 
kidney  structnre  upon  which  they  depend. 

Investigations  which  the  author  has  made  as  to  the  character  of  the 
nrine  of  children  suffering  from  nephritis  show  that  the  important  con- 
stituents of  the  excretion,  lu-ea,  uric  acid,  sulphuric  and  phosphoric 
acid,  are  constantly  diminished  in  quantity.  In  adults,  according  to 
Miinzer,  the  urea  is  less,  and  tlie  total  elimination  of  nitrogen  is  always 
rednced.^-*^ 

2.  Pyelitis  CalCUlosa.— The  urine  passed  during  the  paroxysms 
of  tliis  affection  is  diminished  in  quantity,  contains  mucm  in  abundance, 
blood  and  pus  in  variable  proportions,  and  concrete  masses  of  uric  acid 
or  urates  After  the  paroxysms  the  urine  is  passed  in  great  abundance. 
It  is  then  pale  in  colour  and  of  low  sp.  gr.,  and  exhibits  probably  a 
flocculent  precipitate  of  mucin.  Persistent  polyuria  is  common,  men, 
as  commonly  happens,  the  condition  is  complicated  ^vit\i  catarrh  of  the 
ureter  and  bladder,  a  more  or  less  abundant  purulent  sediment  forms 
independently  of  the  attack. 

According  to  /.  Fischir-  the  urine  at  the  commencement  of  this 
disease  always  contains  casts,  both  hyaline  and  granular  and  ttns 
authority  regards  their  presence  as  of  great  importance  m  the  differ- 
ential diagnosis  of  pyelitis  and  cystitis.  In  addition,  there  occur  plugs 
of  cylindrical  form  composed  of  conglomerated  wliite  blood-corpuscles. 
These  are  probably  derived  from  the  renal  pelves,  and  indicate  an  exten- 
sion of  the  processes  to  the  kicbiey  proper,  or  pyeloneplmtis  When 
the  latter  condition  is  established  by  the  appearances  of  pyehtis,  then 
the  presence  of  nephritis,  and  gi-anular  casts,  renal  epithelium,  &c.,  may 
be  observed. 

In  a  ca.e  which  was  under  the  author's  care,  investigation  of  the  urine  dis- 
closed a  remarkable  appearance.    The  patient  was  a  woman  with  rena  cal^c^lu^ 
causing  pain     The  urine  held  abundance  of  carbonate  and  su  phate  of  calcium 
ar/  trU  phosphate,  and  in  it  were  long  spiral  bodies  of  large  size  wine 
Sfcrol'opicanyf  microscopically,  and  chemicaHy  --^^^ -^-^^^eS^f  rf'lh 

•  „i=    TV,m-P  wHcj  no  Dus    The  condition  was  probably  an  attection  oi  tuc 

for  some  days. 

3.  CystitiS.-Iu  uncomplicated  cystitis  the  urine  is  generally  pale, 
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of  normal  s]).  yr.,  ami  lias  an  acid  reaction,  unless  whoii  alkaline  fermen- 
tation takes  place  -within  tlu^  bladder.  In  the  latter  case  it  is  turbid, 
and  deposits  on  standing  a  more  or  less  abundant  deposit  of  fat-laden 
and  swollen  leucocj'tes  and  triple-iihosphate  crystals.  Microscoijically, 
moreover,  pus  cells  and  epithelium  of  various  forms  are  to  be  seen. 
Amongst  the  latter,  certain  cells  from  the  deeper  layers  of  tlie  mucous 
lining,  provided  with  one  or  two  finger-shaped  processes,  are  especially 
noticeable  (see  p.  219).  In  connection  Avith  ichorous  or  lisemorrhagic 
cystitis,  red  blood-corpuscles  and  2)igment  masses  appear  in  the  urine. 
The  complication  of  cystitis  with  an  affection  of  the  ureter  cannot  be 
determined  by  chemical  and  microscopical  investigation,  but  its  presence 
must  be  diagnosed  from  the  existence  of  the  other  clinical  symptoms. 

ScJmitder  has  observed  that  the  urme  in  cases  of  cystitis  often 
contains  a  bacillus,  pure  cidtivations  of  which,  when  transferred  to  the 
bladder  of  animals  (rabbits),  give  rise  to  symptoms  of  the  disease.-'^^f 

Similar  indications  may  be  produced  by  a  purulent  urethritis,  and 
confusion  in  this  respect  is  to  be  guarded  against. 

The  condition  which  has  been  designated  as  ammoniffimia,  and  which  depends 
upon  the  absorption  of  ptomaines  from  the  bladder,  is  often,  but  not  always, 
accompanied  with  cystitis.  In  this  connection  the  urine,  when  freshly  voided,"  i.s 
undergoing  alkahne  fermentation  (see  p.  217). 

4.  Tuberculosis  of  the  Urinary  Organs. 

(a.)  Tubercular  Ulceration.  —  Chemically  and  microscopically  the 
urine  in  this  condition  resembles  that  of  cystitis  or  pyelitis.  It  is 
pale,  of  normal  sp.  gr.  and  quantity,  contains  a  variable  proportion  of 
albumin,  and  an  abimdant  sediment,  which  consists  principally  of 
swollen  and  fat-laden  pus-cells!  The  diagnosis  must  rest  cliiefly  upon 
the  recognition  of  tubercle-bacillus  by  the  methods  described  in  con- 
nection with  the  examination  of  the  sputum  (p.  104).  In  chronic 
tubercidar  affections  the  micro-organism  is  to  be  seen  in  great  abund- 
ance in  the  lu-ine,  as  in  the  specimen  represented  in  fig.  108,  and,  as 
m  this  case,  it  tends  to  cohere  in  groups  shaped  like  the  letter  S  (comp. 
p.  236).  Tlie  precise  localisation  of  the  affection  must  rest  upon  other 
grounds. 

(b.)  Miliary  Tuberculosis.-In  this  affection  tlie  urine  is  often  un- 
changed. It  IS  apt,  however,  to  contain  blood  at  intervals,  and  may 
be  distuiguished  from  nephritis  by  the  absence  of  casts  and  renal  e])i- 
thelium.  Tubercle-bacilli  are  7iever  to  be  found  m  considerable  quantiU, 
m  the  sediment,  f^ao 

5.  Calculus  and  Tumours  of  the  Bladder.-These  arc  to  be 

suspected  when  copious  intermittent  haemorrhages  tales  place,  an.l 
when  the  blood  which  is  passed  witli  the  urine  separates  fr,mi  it  an.l 
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is  deposited  in  ii  thick  layer  at  the  bottom  of  the  receiving  vessel.  The 
subjective  symptoms,  pain,  &c.,  are  usually  sufficiently  distinctive  (see 
p.  250). 

6.  Catarrhal  Urethritis.— The  urhie  in  catarrhal  urethritis  is 
altogether  unchanged,  except  that  the  first  flow  contains  pus.  The 
affection  is  rarely  met  with.  BockhaH  ^'•^'^  ascribes  it  to  infection  with 
non-specific  vaginal  secretion. 

7.  Gonorrhseal  Urethritis.— The  appearances  are  the  same  as  ui 
sunple  urethritis,  but  pus  is  usually  very  copious.  It  would  appear 
that  in  all  cases,  while  the  infection  is  recent,  specific  micro-organisms, 
gonococci,  are  to  be  found.  These  were  discovered  by  Neisser.  They 
are  diminutive  roll-shaped  cocci,  aggregated  in  large  groups,  which  often 
closely  pack  the  exfoUated  epithelium  cells  of  the  urethra  and  cover 
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Fio.  i34.-Gonococei  of  Urethritis  (eye-piece  III.,  objective,  oil-immersloa  Ze,.^). 

their  surface  {Neisser,  Bumm,  BocJchart).^^'^    More  recent  experience 
tended  at  first  to  lessen  the  clinical  significance  of  these  forms  {v.  Zeissl, 
Hartdegen,  Wendt)->^^  since  bodies  altogether  resembling  gonococci 
have  been  found  to  be  present  in  the  genital  tract  under  the  most  dis- 
similar conditions.    The  researches  of  Wertheim^^^  in  Schauta's  cluuc, 
however,  have  quite  lately  estabhshed  their  specific  character  beyond 
any  doubt.    According  to  Roux,^''^  the  supposed  gonorrhseal  microbe 
may  be  distinguished  from  other  forms  by  the  fact  that  it  does  not  stain 
with  Gram's  method.    C.  Schutz's^''^  process  is  as  f oUows  :-The  pre- 
pared cover-glasses  are  placed  in  a  semi-saturated  solution  of  methylene- 
blue  holding  5  per  cent,  carbolic  acid,  and  left  in  it  for  5-10  mmutes 
They  are  then  removed  and  washed  in  distilled  water,  to  which  acetic  acid 
has  been  added  in  the  proportion  of  five  drops  of  the  dilute  acid  to  20  cc. 
of  water.    After  this  they  are  given  the  contrast-stain  in  a  very  dilute 
solution  of  safranin.    This  method  furnishes  good  specimens,  but  there 
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is  110  reason  to  prefer  it  to  staining  with  carbol-fuclisiii,  by  whicli  the 
specimens  fignred  here  were  obtained.  Fig.  134  rein-esents  gonorrhseal 
pus  from  a  case  of  old  infection;  fig.  135  shows  gonococci  from  a  pre- 
paration of  Dr.  KoUsko,  made  with  the  pus  two  day.s  after  tlie  infecting 
coitus. The  occurrence  of  gonococci  threads  and  hyahne  epitheHum 
occurring  in  the  urinary  sediment  of  this  condition  is  Avortliy  of  notice.''3S 

IV.  The  Urine  in  Diseases  of  the  Alimentary  Canal.— 

Diseases  of  the  aHmeiitary  canal,  for  the  most  part,  do  not  specially 
affect  the  urine  pathologically ;  but  in  general  it  may  be  stated,  that 
where  they  are  attended  with  increased  albuminous  decomposition 
within  the  intestine,  that  fluid  is  apt  to  contain  a  large  amount  of  indi- 
can.  Carcinoma  of  the  stomach  with  ulceration  is  occasionally  attested 
by  the  appearance  of  peptone  in  considerable  quantities  (Maixner).  In 


Fio.  135.— Gonococci  (two  days  after  infection). 

chronic  catarrh  of  the  stomach,  and  especially  in  dyspepsia,  the  acidity 
of  the  urine  is  apt  to  be  much  lessened. 

V.  The  Urine  in  Hepatic  Affections.— It  may  be  stated  in 

general  that  in  all  diseases  which  seriously  involve  the  proper  struc- 
ture of  the  liver,  the  excretion  of  urea  is  diminished,  and  even  in  certain 
severe  forms  (acute  yeUow  atrophy)  entirely  suppressed  (Schnltzeu 
and  ii!jm).530  it  ig  then  to  some  extent  represented  by  other  nitro- 
genous metabolites  which  appear  in  the  urine  as  leucin  and  tyrosin-^« 
(comp.  p.  244),  and  together  with  these  certain  non-nitrogenous  sub- 
stances. Oxyamygdalic  acid  {Sclmltzen  and  lliess,  Rdhmann'-*^),  lactic 
acid,  and  the  volatile  fatty  acids  are  often  eliminated,  as  in  cancer  and 
syphilis  affecting  the  liver  {v.  JaJischy>'i-^ 

Diseases  which  cause  an  obstruction  to  the  flow  of  bile  are  attended 
with  the  presence  of  bile-pigments  in  the  urine  (see  p.  288). 

In  atrophic  cirrhosis  the  latter  is  scanty,  rich  in  urates,  and  almost 
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ur  entirelj'  devoid  of  biliary  colouring-matters,  but  often  contains  a 
liigh  percentage  of  urobilin.  In  liypertro])l)ic  cirrliosis  it  is  often  quite 
normal  in  (puuitity,  sometimes  increased,  and  exhibits  abundance  of 
bile-pigment. 

The  appearance  of  sugar  and  albumin  in  connection  with  disease  of 
the  liver  is  too  uncertain  to  be  of  service  in  diagnosis.  According  to 
Kraus  and  Ludivig,^*^  the  ingestion  of  carbohydrates  (grape-sugar)  when 
the  Uver  is  diseased  is  attended  by  glycosuria.  The  knowledge  of  this 
fact,  however,  is  of  little  use  since  glycosuria  belongs  equally  to  other 
conditions,  as  diabetes  insipidus,  cystic  pancreas,  &c.  Indeed,  the 
chemical  constitution  of  the  urine  in  hepatic  disease  generally  exhibits  • 
much  variety."^-*^' 

VI.  The  Urine  in  Diabetes  Mellitus. —In  this  disease  the  urine 
is  pale  and  clear,  and  in  colour  often  inchnes  to  green.  Its  quantity 
is  enormously  increased,  as  much  as  12-15  litres  being  passed  in  twenty- 
four  hours,  sp.  gr.  high,  ranging  from  i. 030-1.050.  It  is  usually  ricli 
in  the  indigo-forming  substance,  and  invariably  contauas  a  greater  or 
less  proportion  of  grape-sugar  (p.  273).  Towards  the  close  of  the 
cUsease  albumin  in  considerable  quantity  is  apt  to  make  its  appearance 
(Stokvis):^*^  Exceptional  cases  of  diabetes  are  met  wdth  in  which  the 
quantity  of  urme  is  not  increased,  and  its  sp.  gr.  is  even  lowered.  When 
diabetes  is  complicated  by  acute  disease,  the  excretion  of  sugar  may 
entirely  cease,  as  has  been  pohated  out  by  R.  v.  Engel  in  a  contrdmtion 
from  the  author's  clinic. 

The  author  has  met  with  one  case  of  diabetes  meUitus,  in  the  practice  of 
Professor  Nothnagel,  in  which  the  urine  contained  much  acetone,  and  showed  a 
sr,  cr  of  i.oo^  It  was  also  found  to  hold  more  than  0.3  per  cent,  sugar  m 
solution. 

Other  substances  that  are  occasionaUy  to  be  found  in  the  mine  of 
.liabetes  are  acetone  in  large  quantity,  diacetic  acid,  and  a  number  of 
other  organic  acids,  such  as  /3-oxy-butyi-ic  acid,^^^  fatty  acKV^s  &c. 
[The  urea  of  diabetic  urine  is  in  excess  of  the  normal-uric  acid  is  un- 
affected or  diminished  {Taylor).  Ammonia,  according  to  Stadehnann, 
Is  present  in  large  quantity,  but  it  is  neutralised  and  the  urine  remams 
acid  in  consequence  of  the  /3-oxy-butyric  acid  which  it  contams.]  _ 
.  In  view  of  the  fact  that  ^-oxy-butyric  acid  occurs  m  the  urme  oi 
diabetes,  and  of  other  conditions,  as  febrUe  states,  some  notice  of  the 
method  of  detecting  that  body  is  called  for.  The  follo^ung  method  by 
KiUz  is  the  best.^^>'  The  grape-sugar  in  the  urine  is  fermented  with 
yeast,  the  fluid  filtered,  and  the  filtrate  concentrated  to  a  syrupy  con- 
sistence The  latter  is  mixed  with  its  own  bulk  of  concentrated 
sulphuric  aci.l,  the  mixture  distilled,  and  the  distillate  collected  in  a 
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test-glass.  If  /3-oxy-butyric  acid  ho  present,  crystals  of  a-crotonic  acid 
separate  on  cooling  from  the  contents  of  the  test-glass,  and  may  be 
recognised  by  determination  of  their  melting-point  (72°  C).  Should 
no  such  crystals  form  in  the  i)rocess,  tlie  distillate  is  shaken  up  witli 
fether,  and  the  crystals  which  deposit  on  evaporation  of  the  setlier  are 
tested  to  ascertain  their  melting-point. 

[The  researches  of  Stadelmann  and  others  point  to  /3-oxybutyric  acid  as  the 
toxic  agent  in  diabetes.  It  j-ields  diacetic  acid  on  oxidation,  and  this  breaks 
lip  into  COo  and  acetone.] 

Diabetic  urine  contains  other  carbo-hydrates,  fruit-sugar,'^'^"  dextrin, 
&c.  According  to  Kiih.^'^^  casts  occur  at  the  commencement  of  diabetic 
coma. 

VII.  The  Urine  in  Diabetes  Insipidus.— Marked  polyuria  is  the 

characteristic  symptom.  Sixteen  to  twenty  litres  may  be  passed  in  the 
day.  The  urine  is  clear  and  ahuost  colourless,  of  greatly  reduced  s]i.  gr. 
(1.0001-1.004).  It  contains  neither  albumin  nor  sugar,  although  it 
sometimes  yields  a  small  proportion  of  indican  and  inosite. 

VIII.  The  Urine  in  AnaBmia.— The  fluid  is  pale,  of  low  sp.  gi-.,  and 

neutral  or  alkaline  in  reaction.  [Though  pale  when  passed  it  sometimes 
turns  a  deep  red  colour  on  the  addition  of  nitric  acid  (Taylor).  This 
depends  on  the  presence  of  a  chromogen  (see  p.  214).]  In  the  later 
stages  of  a  severe  anaemia  albumin  may  be  found,  whilst  at  the  same 
time,  except  for  a  few  hyaline  casts,  tissue  elements  are  entirely  alisent 
from  the  sediment  (Bamberger's  hsematogenic  albuminuria). 

[The  urine  of  pernicious  anaemia  is  of  low  sp.  gr.  and  very  highly 
coloured.  It  contains  (i)  pathological  urobihn ;  (2)  granules  of  blood 
pigment,  microscopicaUy ;  (3)  excess  of  iron.  These  characters  are  of 
much  importance  in  diagnosis  {Himter).°^'^ 

According  to  Hunter,  the  elimination  of  iron  by  the  urine,  while  diminished  in 
chlorosis,  IS  greatly  increased  in  pernicious  ansemia.  He  estimates  the  dailv  out- 
put as  follows :  In  health,  5.6  mgrms.  ;  in  chlorosis,  1.7  mgrm.  ;  in  pernicious 

thniLseir'"""  """^  °' 

In  leukaemia  the  elimination  of  uric  acid  is  increased.554    p^.^^g  555 
observed  leucin,  and  lactic  acid  is  also  found  in  the  urine.^^e  The 
urme  is  rich  in  nucleo-albumin,557  but  never  contains  peptonc^^s 

It  will  be  convenient  here  to  describe  the  method  by  ^^•hich  the  lactic 
acid  may  be  detected. 

Deteriion  of  Lartic  Acid.-Th^  urine  is  evaporated  on  tlie  water-bath 
to  the  consistence  of  a  syrup  and  extracted  with  alcohol.  After  the 
alcohol  IS  distilled  off  or  evaporated,  the  residue  is  extracted  with  ^ther 
the  aether  distilled  off,  and  the  residue  dissolved  in  water.     To  the 
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solution  a  little  basic  acetate  of  lead  is  added.  It  is  then  filtered,  the 
filtrate  treated  with  sulphuretted  hydrogen,  again  filtered,  and  finally 
digested  on  the  Avater-bath.  Lactic  acid  rcnnains  Ijehind  in  the  form  of 
a  syrup.  Troni  this  the  zinc  salt  may  be  obtained  by  the  addition  of 
carbonate  of  zinc.  It  may  be  recognised  by  its  microscopical  appearance  . 
(small  prisms),  or  chemically  by  the  proportion  of  water  and  of  zinc 
respectively  which  result  from  its  decomposition. 

Colasanti  and  MosccUcUi-''^"  assert  that  sarcolactic  acid  appears  in  tlio  urine 
normally  after  great  bodily  exertion.  Bexcss  failed  to  detect  lactic  acid  in  the 
urine  cither  of  health  or  in  osteomalacia. 


IX.  The  Urine  of  Toxic  States. 

1.  Poisoning  with  Acids.— Poisoning  with  strong  mineral  acids- 
nitric,  sulphuric,  and  hydrochloric— is  generally  folloAved  by  the  appear- 
ance of  blood  and  albumin  in  the  urine.  The  symptoms,  however,  are 
often  very  transient.  Toxic  nephritis  may  ensue,  and  this  e.si)ecially 
Avhen  sulphuric  acid  Avas  tbe  poison.  The  urine  is  then  scanty,  of  high 
sp.  gr.  and  acid  reaction.  Chemically  and  microscopically,  it  presents 
the  characters  of  that  of  acute  nephritis  (see  p.  329).  In  every  case  of 
poisoning  Avith  acids  Avhich  the  author  has  had  an  opportimity  of  observ- 
ing, the  urine  possessed  the  property  of  dissolving  cupric  sulphate  in 
alkalme  solution,  and  reducing  it  Avhen  subsequently  boiled,  Avhilst  at  the 
same  time  the  most  sensitive  tests  besides  gave  no  indication  of  sugar. 

2.  Poisoning"  with  Alkalies.— After  poisoning  with  caustic  potash, 
Avhich  may  be  taken  as  the  type  of  this  condition,  the  urine  passed 
during  the  first  few  hours  contains  albumin,  invariably  in  severe  cases, 
but  very  often  also  when  the'  symptoms  are  slight.  Its  chemical  and 
microscopical  characters  at  the  same  time  are  not  otherwise  those  of 
nephritis.  Its  reaction  is  feebly  acid,  seldom  neutral,  A'ery  rarely 
alkaline.  It  possesses  the  reducing  property  in  a  marked  degree,  Avliile 
no  evidence  of  sugar  can  be  obtained  with  the  phenylhydrazin  reaction 
and  other  tests.  Where  the  toxic  agent  has  been  clilorate  of  potash, 
acute  nephritis  is  apt  to  follow.  The  detection  of  this  salt  in  the  urine 
may  be  effected  by  the  method  described  at  p.  152. 

3.  Poisoning-  with  Metals  and  Metalloids. 

(a.)  Lead  Salts.— In  acute  lead-poisoning,  especially  Avhen  attended 
with  colic,  large  quantities  of  albumin  are  often  transitorily  present  in 
the  urine ;  more  frequently  still  a  true  renal  albuminuria,  due  to  secondary 
nephritis,  occurs.  The  presence  of  lead  may  be  determined  directly  by 
the  method  described  in  connection  Avith  the  vomit  (see  p.  152). 

(ft.)  Salts  of  Mercury.— The  urine  in  mercurial  poisoning,  after  the 
lapse  of  a  few  hours,  contains  a  large  proportion  of  albumin,  and  very 
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often  blowl.  Tlie  .symptoms  of  ]ic])ln'itis  arc  ii.suiilly  soonor  or  later 
ilevelopeJ.  Tliis  is  especially  true  of  i)oisoning  with  corrosive  sub- 
limate. 

Mercury  may  be  detected  in  the  same  manner  as  in  the  vomit  (p.  153), 
or  iu  the  urine  Fiiririmjer's  process  may  be  employed/^^-  or,  Ijetter  still, 
Lu(hi:i(j'ii  method. 

Five  luuidrcd  cc.  ol:'  urine  are  acidi/iod  with  liydrocliloric  acid  (1-2  cc.)  in  a 
beaker  and  heated  to  50-60°  C.  Three  grnas.  of  granular  zinc  or  finely-divided 
copper  are  then  placed  in  the  fluid,  which  is  shaken  up  for  half  a  minute.  The 
metal  is  then  allowed  to  settle,  the  supernatant  fluid  poured  off,  and  the  sedi- 
ment^obtained  upon  a  filter,  where  it  is  well  washed  with  boiling  water,  and  dried 
at  60''  C.  The  powdered  metal  is  then  placed  in  a  tube  of  hard  glass,  of  S-io 
mm.  diameter,  closed  at  one  end,  covered  with  a  plug  of  a.sbestos,  upon  which 
agmn  is  put  a  layer  some  5-6  cc.  deep  of  granular  oxide  of  copper  ;  then  another 
asbestos  plug,  and,  finally,  another  layer  of  granular  zinc,  which  has  been  pre- 
viously dried  and  well  heated.  When  the  tube  is  filled  in  this  way,  it  is  drawn 
out  to  capillary  calibre  at  a  point  some  miHimetres  behind  the  last  asbestos  pluo- 
and  a  bulbous  expansion  is  made  at  the  end.  The  cupric  oside  is  first  heated  t^o 
a  dulU-ed,  the  layer  of  zinc  to  a  lesser  degree,  and,  finally,  tie  powdered  metal 
containing  mercury. 

The  mercury  is  deposited  as  a  metallic  powder  in  the  capillary  tube  The 
latter  is  then  broken  off  above  the  last  of  the  asbestos  rings  by  letting  water  drop 
on  It ;  a  few  particles  of  metallic  iodine  are  placed  in  the  first  part  of  the 
tube  while  stiU  hot,  and  the  other  expanded  end  of  the  capillary  is  connected 
with  an  aspirator  (Bohm's  air-pump  serves  best).  The  iodine  vapour  impin-es 
cluiv^«™'"'°"''''  ""'^  ""''"""^  ""'"'^      easily  distinguished  byhs 

.  Wolf  and  Neja^^  have  employed  a  modification  of  this  process.  Oroanic 
matter  is  firs  i^moyed  by  hydi-ochloric  acid  and  chlorate  of  potash,  and  copper 
as  a  thm  foil  IS  introduced  to  receive  the  metal  (mercury)  instead  of  gTanular 

Z'Zr^m  The  method  is  said  to  be  very  sati.sfactory.    That  of 

Al      IS  still  more  simple.    W>ntern!tz-o^r  i,^,  ^^^^^^^^^  ^  •> 

tative  estimation  of  mercury  in  the  urine  quanii 

JteSi^rStlo"'  -  the-followhig  :-About  300  cc.  of  the  urine  to  be  tested 
aie  taken,  ahttle  caustic  soda  and  some  sugar  added,  and  the  mixture  boiled 
Ihe  phosphatic  sediment  which  falls  carries  the  mercury  with  it.    When  it  ns 
entirely  settled,  the  fluid  is  decanted  ofl:,  the  sediment  dfssolved  n  hXchlo  ij 
acid,  and  a  piece  of  fine  copper  or  brass  wire  placed  in  the  flidd  wWch  ^^^^^^ 
nian.tamed  at  a  moderate  heat  for  an  hour  and  a  half.    After  thrthe  wire 's 
removed,  boiled  in  alkaline  water,  and  dried  with  blotting-pLer    It  i^  he^^ 
p  aced  in  a  glass  tube  of  small  calibre,  which  is  broken  a  f ew  i^^l^metre  in  fron 
of  the  wire  fused  at  the  end,  and  heated  over  a  small  flame.  Tr^ercury 
nnes,  and  is  depo.s^ted  in  small  globules,  which  can  be  reaclily  ecZ^^^^^^^^ 
the  microscope.    The  reagents  employed  in  the  process  shoilc  be  pilu  , 
tested  for  such  mercury  as  they  may  themselves  contain  (see  p.  153) 

(c.)  Salts  Of  Copper.-In  poi.soning  ^vith  copper  salts,  the  urine  is 
ahvays  reduced  ni  cpurntity.    It  usually  contains  albumin,  and  very  often 
also  blood    As  to  whether  acute  nephritis  can  original  in  thi  way 
•some  doubt  exists.    Experiments  on  animals  would  seem  to  favour  the 
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assumption.    To  detect  the  poison  in  the  urine,  the  method  described  at 
p.  154  will  .serve. 

(d)  Arsenic. — In  acute  arsenical  poisoning  alhuniin  and  sometimes 
blood  in  considerable  quantities  appear  in  the  urine.  In  one  case  the 
author  has  observed  all  the  signs  of  acute  nephritis.  The  urine  pos- 
sesses the  reducing  property,  but  sugar  cannot  otherwise  be  made  evi- 
dent. The  effect  on  the  urine  of  chronic  arsenic-poisoning  is  but  little 
understood.  Alluiminuria  would  seem  occasionally  to  occur  in  this 
connection. 

For  the  detection  of  arsenic,  see  chapter  on  the  vomit  (p.  154)- 
(e.)  Phosphorus.— -At  the  outset  of  a  case  of  phosphorus-poisoning  the 
urine  is  not  notably  changed  as  to  quantity  or  sp.  gr.    Later  it  contains 
albumin,  but  not  usually  in  considerable  quantity,  occasionally  blood, 
and  very  commonly  casts  of  different  kinds.    The  presence  of  peptone 
has  repeatedly  been  recorded  {Gerhardt,  Maixner,  v.  Jalcscli).  Biliary 
acids  and  colouring-matters  are  also  met  Avith,  and  Schultzen  and  Riess 
have  detected  sarcolactic  acid.    In  a  case  wliich  recently  came  imder 
his  notice,  the  author  obtained  an  appreciable  quantity  of  fatty  acids 
from  300  cc.  of  the  fluid.    Tyrosm  and  leucin  are  rarely  present,  as  is 
the  case  iir  acute  yeUow  atrophy  of  the  liver.    Fat  has  been  foimd  in 
large  quantities  in  the  urine  of  phosphorus-poisoning. The  elhnina- 
tion  of  urea  has  been  reported  as  exceeding  or  falling  short  of  the  healthy 
standard  in  different  cases. 

In  a  case  of  severe  phosphorus-poisoning  under  the  author's  care  the  output  of 
nrea  estimated  as  nitrogen  was,  on  the  first  day  (of  twenty-four  hours)  after  the 
poisoning  5.6028  grrns.,  on  the  second  day  7.9946  grms.,  on  the  third  day  16.0406 
grms   and  on  the  fourth  day  10.2458  grms.    The  patient  was  at  once  submitted 
to  rigorous  treatment,  and  ultimately  recovered.    It  will  be  observed  that  the 
accident  was  followed  immediately  by  a  diminished  elimination  of  urea,  which 
ao-ain  exhibited  a  notable  increase.    Observations  by  Dr.  Munzer,  the  author's 
assistant,  which  will  shortly  be  published,  furnish  valuable  information  on  the 
subiect  of  metabolism  in  connection  with  phosphorus-poisoning.    With  his  per- 
mission it  may  be  stated  here  that  the  urine  contains  an  enormous  increase  of 
ammonia,  side  by  side  with  a  falling  ofE  in  the  quantity  of  urea  and  of  the  nitro- 
genous excretion.    Uric  acid  was  normal.    These  results  were  obtamed  by  the 
investigation  of  two  fatal  cases. 

4.  Poisoning  with  Alkaloids. 

(a )  Morphia.— In  acute  poisoning  with  morphia  the  lu-me  is  com- 
monly found  to  contain  sugar.  In  chronic  morphinism,  again,  it  has  a 
powerful  reducmg  action,  and  sugar  may  sometimes  be  found  with  other- 
tests  (see  p.  2  7  3).  [The  reducing  property  depends  upon  the  presence  of 
glycuronic  acid  {Halliburton.]  For  the  detection  of  morphia  in  the  urine 
the  method  described  at  p.  156  may  be  adopted.  It  must  be  borne  nr 
mind  however,  that  morphia  does  not  appear  in  tlie  urine  m  all  cases  of 
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morphia  poisouiiiy'  or  morphinism,  and  its  absence  does  not  prove  that  the 
alkaloid  has  not  beau  taken.  The  researches  of  Donath^''^  ]uw a  shown 
that  it  may  disappear  (sntirely  within  tlie  system. 

(b.)  Nicotin. — Tlu;  toxic  eliects  of  nicotin  are  not  associated  with  any 
special  changes  in  the  character  of  the  urine.  For  the  detection  of  the 
alkaloid  see  p.  157. 

(c.)  Atropin. — Little  that  is  definite  is  known  of  this  condition. 

Atropin  may  be  isolated  from  the  urine  in  the  same  manner  as  that 
described  in  connection  with  the  vomit  (p.  157).  As  a  test  for  its 
presence  a  little  of  the  urine  may  be  placed  in  an  animal's  eye,  and  the 
mydriatic  effect  Avatched  for.  This  will  be  obtained,  according  to  cle 
Blatter  and  Donders,^'^'^  when  the  urine  contains  the  alkaloid  in  the 
proportion  of  one  part  to  130,000  of  water.  In  cases  of  poisoning  with 
deadly  nightshade  berries  (Atropa  belladonna),  tlie  urine  has  a  peculiar 
fluorescence  {A.  Paltauf^'-),  due  to  the  presence  of  scopoletin.  This 
does  not  occur  in  poisoning  with  the  pure  alkaloid,  and  in  certain  cir- 
cumstances it  affords  an  indication  as  to  the  source  of  the  poison. 

{d.)  Ptomaines  (Exogenic  Toxicosis). — The  phenomena  of  poisoning 
with  ptomaines  need  further  investigation.  In  a  case  (of  sausage- 
poisonmg)  which  was  recently  under  the  care  of  Professor  Notlmagel, 
albuminuria  and  the  signs  of  nephritis  supervened.  Subsequent  experi- 
ence has  convmced  the  author  that  kidney  trouble  regularly  occurs  in 
the  later  stages  of  ptomaine-poisoning. 

5.  Poisoning-  with  Ethylic  Alcohol.— Chronic  alcohol-poisoning 
appears  to  produce  nephritis  and  arterio-sclerosis.^"-^  In  the  acute  condi- 
tion the  poison  can  be  found  only  as  the  merest  trace  in  the  urine,  ^^-t 
To  recognise  its  presence  the  urine  must  be  distilled  by  means  of  a 
steam-bath,  and  the  distillate  treated  in  the  manner  described  at  p.  161. 

6.  ChlOPOform-Poisoning-.— In  this  condition  the  urine  is  gene- 
raUy  of  higli  sp.  gr.  It  often  contains  a  trace  of  albumin  and  some 
sugar  [or  glycuronic  acid  {HalUhurtoii).]  According  to  Kast  and  Alester,^''^ 
the  urine  after  the  prolonged  administi-ation  of  chloroform  contains  'an 
organic  sulphur  compomid  and  urobilin,  and  is  highly  toxic^'^  j-qj.  (.j^g 
detection  of  chloroform  the  urine  is  distilled  by  means  of  a  steam-bath 
to  prevent  frothing,  and  the  first  drops  of  the  distillate  are  submitted  to 
Hoffmann's  or  Vitali's  test  (see  p.  1 6 1 ).  The  results  obtained  in  this  way 
are  equally  useful  mth  those  of  Marechal's  method.3'7 

7.  Carbolic  Acid-Poisoning-.— When  large  quantities  of  carbohc 
acid  have  been  administered  through  the  mouth  or  absorlied  from  a 
wound,  the  voided  urine  assumes  a  dark-green  colour,  which  change.s 
to  black  on  standing.  This  colour  is  due  to  the  presence  of  hydro- 
clunon,  a  derivative  of  phenol,  which,  while  still  within  the  .system,  is 
111  part  transformed  into  (•olourod  oxidation  products  {Baumann  and 
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Preusse)/''^  Pure  pheunl  is  never  present,  but  even  in  the  severest 
cases  is  found  only  in  comliiuation  with  sulphuric  acid  (p.  297).  Hence 
the  characteristic  reaction  of  carbolic  acid — a  violet  coloration  with 
solution  of  perchloridc  of  iron — cannot  be  obtained  with  tlie  urine. 
The  latter  contains  a  small  quantity  of  albumin,  and  commonly  also 
ha?moglobin  (p.  271).  A  further  evidence  of  the  condition  depends 
upon  the  diminished  proportion  of  simple  sulphuric  acid  which  it  con- 
tains. When  chloride  of  barium  is  added  to  healthy  urine  acidulated 
■with  acetic  acid,  an  abundant  precipitate  of  barium  sidphate  falls ;  but 
when  from  any  cause  the  quantity  of  sulphuric  acid  in  the  uncombined 
form  is  lessened,  this  precipitate  fails,  or  is  represented  by  a  mere  tur- 
bidity. If  now  in  this  case  the  urine  be  liltered  and  boiled  with  hydro- 
chloric acid,  so  as  to  decompose  the  phenol-sulphuric  acid  (see  p.  297), 
with  the  reproduction  of  simple  sulphuric  acid  a  copious  precipitate  of 
barium  sulphate  forms. 

Inasmuch  as  phenol-sidphuric  acid  is  nonnaUy  a  constituent  of  the 
uvme,  it  serves  but  little  purpose  in  cases  of  carbohc  acid-poisoning  to 
attempt  an  estimate  of  the  phenol  Avhich  passes  over  as  tribromo-phenol 
(see  p.  299)  in  the  process  of  distillation.  A  better  plan  is  to  determine 
the  relative  proportion  of  simple  and  compound  sulphuric  acid  present 
(see  p.  323).  If  it  be  found  that  the  latter  is  increased  while  the  fu'st 
is  dimmished,  and  if  at  the  same  time  such  affections  as  promote  the 
elimination  of  Eether-sulphuric  acids  (active  albraninous  decomposition) 
can  be  excluded,  this  is  strong  presumptive  evidence  of  carbolic  acid 
poisoning. 

The  same  method  will  serve  for  the  detection  of  aU  tlie  aromatic 
substances  which  appear  m  the  urine  as  sether-srdphuric  acids  in  cases 
of  poisoning  or  after  the  administration  of  drugs. 

8.  Poisoning  with  Nitro-Benzol  and  Aniline. 

(a.)  Nitro-Benzol. — In  cases  of  poisoning  with  this  substance,  the 
urine  has  the  odour  of  nitro-benzol,  and  generally  contains  a  substance 
which  has  the  property  of  rotating  polarised  light  to  the  left,  and  of 
reducing  cupric  sulphate  in  alkaline  solution.'^' ^ 

(b.)  Aniline. — The  recorded  observations  of  cases  of  poisoning  with 
aniline  show  that  the  character  of  the  urine  varies  considerably.  It  is 
usually  dark  in  colour  and  highly  concentrated  {Grandhommey^'^  In 
one  instance  {Fr.  Miiller^^'^)  it  was  free  from  sugar,  albumui,  and  blood, 
and  exhibited  the  reduction  phenomenon  in  a  marked  degree.  Jilther- 
sulphuric  acids  were  notably  increased.  An  fethereal  extract  was  found 
to  contain  aniline  by  its  yielding  a  violet  colour  in  presence  of  solution 
of  chloride  of  Hme  (see  p.  162).  Mulle>-  is  of  opinion  that  this  substance 
is  in  part  eliminated  as  paraamido-i)henol-sulphuric  acid. 

9.  Poisoning  with  Carbonic  Oxide  Gas.— The  urine  passed  in 
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this  condition  invariiibly  contains  f^rape-sugar  (see  p.  273),  and  an 
uncertain  proportion  of  albumin.  The  quantity  of  sugar  \-aries  directly 
with  tlu!  intcMisity  of  the  poisoning. 

V.  THE  DETECTION  OF  CERTAIN  DRUGS  IN  THE  URINE. 

1.  Iodoform  and  Salts  of  Iodine  and  Bromine.— After  the 

e.xliibition  of  iodoform,  whether  internally  or  by  outward  application 
iodides  and  iodates  may  be  detected  in  the  urine.    So  too  with  iodine 
when  applied  externally  as  the  tinctiu-e,  or  taken  by  the  mouth  as  iodide 
of  potassium,  it  may  l)e  readily  recognised  in  that  fluid. 

To  test  for  iodine:  the  urine  is  treated  with  a  little  fuming  nitric 
acid  or  chlorine  water,  and  shaken  up  -with  chloroform.  If  a  salt  of 
iodine  be  present,  the  metal  is  set-free,  and  dissolves  in  the  chloroform, 
with  the  formation  of  a  red  colour. 

The  quantitative  estimation  may  be  eflfected  best  by  Harnack's^^^ 
method,  in  Avliich  all  the  iodine  is  converted  into  palladium  iodide. 
Iodine  appears  in  the  iiriue  very  shortly  after  it  has  been  taken  into  the 
system.    A  quarter  of  an  hour  will  suffice  for  its  manifestation  there. 

Bromine  salts,  when  very  abundant,  may  be  detected  thus : — The 
urine  is  treated  -with  chlorine  water,  and  shaken  up  with  chloroform, 
when  bromine  dissolves  in  the  latter,  with  the  production  of  a  yellow 
colour.  It  -will  usually  be  found  necessary,  however,  to  evaporate  the 
urine  previously,  then  to  incinerate  it  carefully,  and  to  test  the  colour- 
less watery  extract  from  the  ash  in  the  mamier  described  abo-^-e."S* 

2.  Salicylates— Salol  and  Betol.— Salicylates  also  very  quickl}' 
pass  into  tlie  urine.  The  latter  then  exliibits  a  remarkable  reducing 
power,  and  yields  a  violet  colour  in  presence  of  solution  of  perchloride 
of  iron.  This  reaction  depends  partly  upon  the  presence  of  salicylic 
acid  and  partly  upon  that  of  salicyluric  acid,  into  which  the  latter  is 
changed  within  the  system.  This  reaction  is  not  readily  prevented  by 
boilmg.  The  body  on  which  it  depends  is  taken  up  by  gether  from 
acidified  urine,  and  can  be  detected  in  the  tethereal  extract  by  means 
of  solution  of  perchloride  of  iron.  The  reaction,  unlike  that  of  diacetic 
acid  (see  Diacettcria),  does  not  disappear  on  standing.  It  is  weU  in 
testing  for  it  to  precipitate  the  phosphates  with  solution  of  perchloride 
of  iron  and  filter,  and  then  test  the  filtrate  with  more  of  the  reagent. 

The  exhibition  of  salol  (phenyl-EEther  of  salicylic  acid)  imi)arts  a 
snnilar  character  to  the  urine,  wliich  also  on  standing  acquires  a  tint 
varying  from  dark-green  to  black,  like  that  following  the  use  of  car- 
bolic acid. 

The  use  of  betol  (naphthalol,  salicylate  of  /3-naphthol-a?ther)  does  not 
nnpart  any  special  colour  tr.  tlm  urin.>,  which,  h(.Nve\-er,  yields  the  per- 
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chloride  of  iron  reaction.    Both  salol  and  betol  appear  in  the  m'me  as 
.sulphuric  acid  eomhinations  (v.  Jalisclt).-'^'' 

3.  Quinine,  Kaipin,  Antipyrin,  Thallin,  Antifebrin,  and 
Phenacetin. 

(a.)  Quinine.— This  alkaloid  is  said  by  K&me)-'-'^  to  be  eliminated  as 
dioxyquinin.  It  renders  the  urine  dark.  For  its  detection  a  large 
quantity  of  the  fluid  is  taken,  treated  Avith  ammonia,  and  shaken  up 
with  tether.  Tlie  latter  is  then  distilled  off  or  evaporated,  and  quinine 
remains  in  the  residue.  It  is  dissolved  in  acidulated  water,  and  the 
addition  of  chlorine  water  and  ammonia  causes  an  emerald-green  tint  to 
develop. 

{b.)  Kairin. — Under  the  influence  of  this  drug  the  urine  acquires  a 
brown  colour,  which  becomes  brownish-red  with  solution  of  percliloride 
of  iron.  The  substance  upon  which  tliis  reaction  depends  may  be 
extracted  with  aither  from  acidified  urine.  The  reaction  in  the  sethereal 
extract  remains  even  after  the  lapse  of  weeks.  The  addition  of  strong 
acids  to  the  urine  destroys  the  reaction,  and  it  is,  moreover,  impaired 
by  prolonged  boiUng.  According  to  v.  Mering,^^'^  kairin  is  elimmated 
as  kairin-potassium  sulphate. 

(c.)  Antipyrin  imparts  a  darker  tint  to  the  urine,  which  gradually 
becomes  a  purple-red  when  treated  Avith  percliloride  of  iron.  If  the 
urine  be  acidulated  and  extracted  Avith  tether,  a  substance  is  obtained 
Avhich  colours  broAvn  Avith  percliloride  of  iron.  This  reaction  is  gradually 
lost  after  the  lapse  of  a  fcAV  days.  It  is  impaired,  but  not  destroyed, 
by  boiling  the  urine.  It  is  destroyed  by  the  addition  of  acids.  Esti- 
mation of  the  quantities  of  simple  and  of  sether-sulpliuric  acids  in 
appropriate  instances  has  shown  that  antipyrin  is  eliminated  as  a  .sul- 
phuric acid  combination  {v.  Jaksch). 

(d.)  Thallin. — The  urine  after  the  administration  of  thallm  is  usually 
a  broAvnisli-green  Avhen  viewed  in  bulk,  greenish  in  a  thin  layer. 
Treated  Avith  perchloride  of  iron,  it  presently  exhibits  a  purple-red  tint, 
Avhich,  after  the  lapse  of  four  or  five  hours,  if  undisturbed,  passes  into 
a  broAvnish-red.  If  a  little  mineral  acid  be  added  and  the  fluid  be 
.shaken  up  Avith  tether,  the  latter  takes  up  a  substance  which  colours 
broAAai-red  with  perchloride  of  iron.  The  coloration  does  not  vanish 
Avhen  the  specimen  is  aUowed  to  stand,  but  rather  becomes  more 
marked.  When  the  pure  thallin  urine  is  shaken  up  Avith  tether,  the 
c^thereal  extract  contains  a  body  Avhich  colours  green  with  percliloride 
of  iron  (thallin).^^^  The  tint  in  this  case  disappears  on  prolonged 
standing.  The  red  colour  obtained  with  perchloride  is  lost  by  boiling 
for  a  few  seconds.  It  is  likewise  destroyed  by  mineral  acids.  Thallin 
is  partly  eliminated  in  the  form  of  chinaiiisol. 

(e.)  Antifebrin.— The  physical  eliaracter  of  the  urine  is  unaff'ected 
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even  by  large  iluses  of  iintifebriii.  Cheiuically  it  lius  Ijeen  ascertained 
by  F.  Miiller  tluit  it  contains  more  tlian  tlie  Jiorinal  jjroportion  of 
retlier-siili^luiric  acids ;  and  this  is  accounted  for  by  tlie  .snp])osition  that 
antifebrin  is  clianged  within  tlic  system  to  i)araaniido-plionol-sulj)liuric 
acid.  Where  the  drug  has  been  exhibited  in  large  quantities,  it  may 
be  recognised  in  the  urine  {F.  Miiller  ^^f)  thus  : — The  fluid  is  boiled  with 
one-fourth  its  bulk  of  strong  hydrochloric  acid,  and  wlien  it  has  cooled, 
a  few  cc.  of  a  3  per  cent,  solution  of  carbolic  acid  is  added,  and  then  a 
few  drops  of  a  solution  of  chromic  acid.  If  paraamidophenol  be  present, 
the  specimen  develops  a  red  colour,  which  gives  place  to  blue  on  the 
addition  of  ammonia. 

For  the  detection  of  antifebrin  Tt-oft  recommends  the  following 
method  : — The  urine  is  shaken  up  with  chloroform,  and  the  residue  from 
the  extract  is  heated  with  a  little  mercurous  nitrate.  If  antifebrin  be 
present  an  intense  green  coloration  takes  place.  When  antifebrin  has 
been  separated  from  the  urine,  as  by  shaking  it  up  with  sether  and 
acid,  it  can  also  be  recognised  by  the  addition  of  chloroform  and  caustic 
potash.  Antifebrin  also  is  excreted  for  the  most  part  in  combination 
with  sulphuric  acid  {Fr.  Miiller,  Muriier,  v.  Jaksch).  According  to 
Morner,^'^^  this  body  is  in  part  oxidised  to  acetylparaamidophenol  within 
the  system,  and  eliminated  as  sether-sulphuric  acid. 

(/.)  Phenacetin  (acetphenetidin). — The  colour  of  the  urine  is  un- 
affected by  this  body,  even  in  large  doses.  It  rotatfes  polarised  light 
to  the  left  (glycuronic  acid  combination,  Fr.  Miiller  and  exhibits 
the  paraamidophenol  reaction  described  above.  It  contains  no  free 
phenacetin,  but  the  presence  of  phenetidine  may  be  shown  by  changing 
it  into  its  diazo  compoimd,  which  then  yields  a  purple  coloration  Avith 
naphthol  or  yeUow  wth  phenol  {Miiller).  The  process  is  as  foUows  :— 
To  a  specimen  of  the  urine  two  drops  each  of  hydrochloric  acid  and  of  ' 
sodium  nitrite  solution  (i  per  cent.)  are  added.  The  further  addition 
of  an  alkaUne  watery  solution  of  «-naphthol  and  a  little  caustic  soda 
causes  a  beautiful  red  colour  to  develop,  and  this  passes  into  violet  if 
hycbochloric  acid  be  supplied.  Under  the  same  conditions  phenol  gives 
a  citron-yellow  in  alkaline  and  a  rose  colour  in  acid  solution,  men 
large  doses  of  the  drug  have  been  taken,  the  urine  gradually  takes  a 
brown-red  tint  in  presence  of  perchloride  of  iron  solutions  and  oxidising 
substances,  changing  slowly  to  black  on  standing  for  a  long  time.  Ac- 
cording to  Ubaldi,^'^^  the  ingestion  of  phenacetin  is  atte^ided  by  an 
nicrease  in  the  amount  of  combined  sulphuric  acid  in  the  urine. 

4.  Chrysophanie  Acid.— The  administration  of  infusion  of  senna 
or  of  preparations  of  rhubarb  im]iarts  a  reddish-brown  colour  to  the 
nrnie,  which  may  be  present  in  the  freshly-voidc.l  fluid  or  develop  on 
standnig.    This  gives  place  to  red  on  tli."  addition  „f  alkalies  at  .u'dinary 
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temperatuves.  AVhen  boiled  with  alkalies  the  resulting  phosphatic  sedi- 
ment is  not  red,  but  yellow  ;  and  if  dissolved  in  acetic  acid  the  solution 
also  colours  yellow,  changing  to  violet  on  exposure  to  the  air ;  in  this 
respect  differing  from  the  precipitate  of  blood-pigments,  which  is  also 
soluble  in  acetic  acid,  but  gradually  bleaches  when  exposed. 

5.  Santonin. — Santonin  taken  internally  colours  the  urine  yellow, 
which  again  gives  place  to  red  on  the  addition  of  alkalies.  Its  presence 
may  be  discriminated  from  that  of  rhubarb  (Mimk)^^*  from  the  fact  that 
the  red  colour  developed  by  the  latter  in  presence  of  alkaUes,  though 
permanent,  is  rapidly  destroyed  by  reducing  agents  (granular  zinc, 
sodium  amalgam),  whilst  that  due  to  santonin  persists  under  like  cir- 
cumstances. Chrys(5phanic  acid  is  precipitated  with  baryta  ^vater.  The 
precipitate  is  red  and  leaves  a  colourless  filtrate.  The  latter  is  yellow 
if  santonin  be  present.  The  addition  of  alkahne  carbonates  turns  the 
urine  red,  rapidly  if  it  contain  rhubarb,  very  slowly  and  gradually  in  the 
case  of  santonin. 

G.  Hoppe-Seyler'"^''  has  suggested  the  following  method  for  the  dis- 
crimination of  chrysophanic  acid  and  santonin  -.—The  urine  is  treated 
with  caustic  soda  and  extracted  with  amylic  alcohol.  If  the  colouring 
matter  of  santonin  be  present,  it  passes  over  with  the  alcohol,  and  the 
specimen  is  decolorised.  The  colouring  matter  of  chrysophanic  acid 
derived  from  the  exhibition  of  rhubarb  or  of  seiuia  is  little  or  not  at  all 
taken  up  by  amylic  alcohol  in  presence  of  the  alkali. 

6.  Tannin.— When  tannin  has  been  taken  medicinally  in  large 
doses,  the  urine  turns  dark-green  with  solution  of  perchloride  of  iron. 

7.  Naphthalin.— jS^aphthalin  in  large  doses  causes  the  in-ine  to 
assume,  especially  on  standing  for  a  long  time,  a  dark  tint,  like  that 
due  to  carbolic  acid. 

According  to  Penzoldt,^^'^  a  dark-green  colour  develops  rapicUy  in 
presence  of  concentrated  sulphuric  acid. 

8.  Copaiba  Balsam.— Copaiba  balsam  in  the  urine  yields  a  red 
colour  with  hydrochloric  acid,  changing  to  violet  when  heated.  If 
ammonia  or  caustic  soda  be  added  to  the  urine,  a  light-brown  colour 
Avith  a  blue  fluorescence  develops  {Edlefseny^' 

When  boiled  with  an  acid  the  urme  gives  a  precipitate  which  is 

soluble  in  alcohol. 

It  may  be  mentioned  here  that  after  the  use  of  oil  of  turpentme  the 
urme  sometimes  gives  a  precipitate  with  acids.  It  has  also  a  charac- 
teristic odour  of  violets. 


CHAPTER  YIU. 


INVESTIGATION  OF  EXUDATIONS,  TRANSUDATIONS, 
AND  CYSTIC  FLUIDS. 

Fluid  may  be  effused  into  any  of  the  cavities  of  the  body  as  a  conse- 
quence of  inflammation  or  of  disturbances  in  the  circulatory  system. 

Under  appropriate  circumstances  a  portion  of  such  fluid  may  lie 
drawn  off  by  puncture  or  in  some  other  way,  or  a  spontaneous  opening- 
may  occur,  and  in  either  case  the  fluids  so  obtained  may  be  submitted 
to  examination.  In  this  way  much  useful  information  may  be  secured 
for  the  purposes  of  diagnosis.  A  question  arises  at  the  outset  as  to 
whether  the  fluid  is  an  inflammatory  product  (exudation),  or  the  result 
of  impediment  to  the  circulation,  or  derived  from  the  degeneration  of 
certain  organs  (transudation). 

A. -EXUDATIONS. 

An  exudation  may  be  purulent,  sero-purulent,  putrid,  htemorrhagie, 
or  serous.  AH  such  fluids,  ^vith  the  exception  of  the  last  two,  implj'i 
of  course,  an  inflammatory  origin.  Upon  its  other  characters,  and 
especially  upon  the  nature  of  the  tissue  elements  which  it  contains, 
more  precise  inferences  may  be  based  in  the  case  of  any  one  of  them. 

I.  Purulent  Exudations. 

I.  NAKED-EYE  APPEARANCES. -Pus  {Lo7ium  et  laudahile)  is 
a  turbid  fluid  of  varymg  consistence  and  high  .sp.  gr.,  with  an  alkaline 
reaction,  and  ranging  in  colour  from  grey  to  a  greenish-yellow.  It 
may  accumulate  in  natural  cavities  (exudations),  or  be  eff-used  amoncrst 
the  tissues  (phlegmon),  or,  finally,  it  may  be  secreted  from  the  surfixce 
of  a  wound.  On  standing  in  a  cool  place,  it  separates  into  two  layers, 
the  upper  of  which  is  of  a  light-yellow  colour  and  tolerably  transparent, 
and  the  lower  opaque  from  the  deposit  of  pus-cells.  It  is  often  brown 
or  browuish-red  from  admixture  with  Ijlood.  Putrid  pus  can  always 
be  discriminated  by  its  naked-eye  properties.  It' is  thin,  green,  or 
bro.vnish-red,  and  emits  an  extremely  penetrating  odour  'of  indol  'an<l 
skatol. 
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II.  MICROSCOPICAL  CHARACTERS. 

1.  White  and  Red  Blood-Corpuscles  and  Epithelium.— When 

pus  is  submitted  to  mievoscopical  examination,  it  discloses  a  multitude 
of  cells  wliicli  entirely  resemble  white  blood-corpuscles.  Wlien  derived 
from  a  perfectly  fresh  specimen,  these  cells  exhibit  the  contractile  pro- 
perty, and  the  mahogany  coloration  obtained  with  solution  of  iodine 
and  iodide  of  potassium  or  ammonium  attests  the  presence  of  glyco- 
gen. This  reaction  is  obtained  best  with  fresh  pus  from  the  surface 
of  a  wound.  The  dead  cells  are  shrunken,  and  very  granular,  or  may 
appear  as  decomposed  or  decomposing  particles  of  protoplasm. 

In  addition  to  this,  giant  pus-corpuscles  and  fat-laden  cells  are  occa- 
sionally observed.  No  special  significance  attaches  to  their  presence. 
They  have  been  seen  in  the  pus  from  an  abscess  of  the  gum  {Boettcher  i), 
in  hypopyon  {Bizzozero-),  and  in  the  contents  of  suppurating  ovarian 
cysts  {v.  Jalcsch). 

Some  red  blood-corpuscles  are  nearly  always  present  in  freshly-secreted 
pus,  and  when  blood  in  considerable  quantity  has  been  effused  and  after- 
wards its  elements  disintegrated,  the  discharge  may  be  more  or  less 
amply  tinged  by  admixture  with  blood-pigment  or  hseuiatoidin  crystals. 

Fatty  particles  and  globules  are  seldom  Avanting,  either  free  or  com- 
bined w  ith  the  protoplasm  of  the  cells.  The  epithehum  elements  are 
comparatively  few.  In  cancerous  exudation  from  the  pleural  cavity 
vacuolated  epithelial  and  fatty  endothelial  cells  are  commonly  to  be 
met  with. 

2.  Fungi.  Modern  research  ^  has  established  the  fact  that  the 

formation  of  pus  in  animal  organisms  is  eifected  almost  entirely  through 
the  agency  of  micro-organisms,  and  that  such  bodies  can  nearly  always 
lie  detected  in  the  discharge  with  the  aid  of  the  staining  methods  (p.  377) 
Avhich  the  recent  advances  of  science  have  placed  Avithin  our  reach,  where 
the  microscope  alone  fails  to  disclose  their  presence. 

Important  experiments  upon  animals*  have  shown  also  that  suppura- 
tion may  be  caused  by  certain  chemical  substances,  as  cadaverin,  croton 
oil,  &c.,  independently  of  micro-organisms ;  and  it  is  possible  that  the 
human  system  may  be  similarly  affected  by  them. 

1  Micrococci.— Micrococci  of  varying  form  and  size  are  very  often 
to  be  seen  in  fresh  pus.^  Fig.  136,  Avlrich  represents  the  appearance  of 
a  specimen  taken  from  a  pleural  exudation  and  stained  by  Grams 
method,  affords  an  appropriate  illustration.  They  are  usually  arranged 
in  chains  (Streptococci),  occasionally  in  pairs  (Diplococci). 

Passet,^^  proceeding  on  Koch's  method,  has  cultivated  no  less  than 
ei-ht  different  forms  of  fungi  from  pus.  AVhen  suppuration  has  con- 
tinued for  a  long  time  in  a  cavity  excluded  from  the  air,  micro-organisms 
are  sometimes  wanting  in  the  pus.    Brieoer'  has  observed  Staphylo- 
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coccus  pyogenes  uiu't'us  and  Strei)tococcus  pyogenes  in  jins  from  ii 
woman  with  puerperal  fever.^  The  presence  of  micro-organisms  hitherto 
mentioned  is  evidence  of  suppuration  in  the  course  of  septic  processes 
(comp.  p.  47).  Bnjioid^  lately  made  the  interesting  discovery  that  the 
effect  of  grape-sugar  upon  the  tissues  is  to  promote  the  deA'elopment  of 
Staphylococcus  aureus  by  diminishing  their  resistance,  and  so  to  favour 
the  formation  of  pus.  The  tendency  of  diabetics  to  midergo  suppurative 
processes,  so  long  a  matter  of  clinical  observation,  is  explained  in  this 
way. 

A  blue  colour  has  occasionally  been  observed  on  the  surface  of  suppurating 
wounds.  This  is  produced  by  colonies  of  Bacillus  pyocyanogenus  or  of  a  fungus 
resembling  it.  The  colouring-roatter  has  been  isolated  from  such  pus  in  combina- 
tion with  hydrochloric  acid.'" 


•I.  t 


Fig.  136.— Cocci  liom  an  Empyema,  prepared  by  Gi-am's  method  (eyepiece  III.,  objective 
Zeiss  oil  immersion     ;  Abbe's  mirror  and  open  condenser). 


The  detection  of  pathogenic  fungi  in  pus  is  a  point  of  great  im- 
portance. 

2.  Tubercle  -  Bacillus.— The  tubercle-bacillus  has  often  been  dis- 
covered in  tubercular  pus,"  but  the  author  has  sometimes  failed  to  find 
it  even  in  the  fresh  discharge.  Its  presence,  of  course,  is  conclusive  as 
to  the  nature  of  the  disease,  but  its  absence  does  not  im^jly  that  no 
tubercle  is  present.  It  Avould  appear  that  under  certain  conditions  the 
bacillus  rapidly  disappears  from  fresh  discharges  {Metsckuilwff)}^ 

3.  BaciUus  of  Syphilis.— The  bacillus  discovered  by  Licsttjarten  "  in 
the  pus  of  syphilis  affords  a  valuable  indication  of  this  disease  ;  but 
caution  must  be  observed  in  identifying  it,  since  Alvarez  and  Tavel  1* 
have  .shown  that  certain  secretion.s,  as  the  smegma  prjeputiale  and 
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vulvare,  are  apt  to  contain  forms  which  i;losely  resemble  the  venereal 
microbe.  Such  forms  are  to  be  discriminated  by  tlie  behaviour  of 
stained  preparations  in  presence  of  alcoliol.  In  the  case  of  tlie  bacillus 
of  syphilis,  these  are  with  difficulty  and  very  slowly  bleached  by  alcohol, 
whilst  the  microbe  of  smegma  readily  loses  its  colour  under  the  action 
of  that  substance. 

All  important  addition  to  our  knowledge  of  the  bacillus  of  syphilis 
Avas  recently  made  by  Kamen,'^''  who  found  the  micro-organism  in  the 
sputum  of  a  child  of  nine  years.  The  character  of  Ludcjarten's  bacillus 
has  been  much  questioned  of  late,  and  others  have  regarded  certain 
cocci  as  the  specific  excitants  of  syphiHs  {Kassoiaitz,  Hoclisinger,  Disse, 
TagarJii). 

For  the  detection  of  the  bacillus  of  syphilis  Lmtrjarten    proceeds  as 


Fig.  137.— Actinomyces  Granules  in  Glycerine  from  Actinomycosis  of  Pleural  Cavity 
(eye-piece  II.,  objective  IV.,  Hartnacl:). 

foUoAvs  :— The  cover-glass  preparation  is  immersed  in  an  Elirlich-Weigert 
gentian-violet  fluid  for  12-24  hours  at  the  ordmary  temperature.  It 
fs  then  removed,  rinsed  for  some  minutes  with  absolute  alcohol,  and 
placed  for  ten  seconds  in  a  ij  per  cent,  solution  of  permanganate  of 
potash,  after  Avhich  it  is  treated  with  a  watery  solution  of  pure 
sulphurous  acid,  and  finaUy  washed  with  water.  Should  it  happen 
after  this  that  the  preparation  still  shows  colour,  it  is  agam  placed  in 
permanganate  of  potash  for  three  or  four  seconds,  and  afterwards  in 
sulphurous  acid  untH  all  colour  has  disappeared,  the  remainder  of  the 
process  also  being  repeated.  It  is  to  be  noted  that  other  microbes, 
both  pathogenic  and  imiocuous,  are  stained  by  Lustgarten's  process  as 

well  as  that  of  syphilis. 

De  G^irtc-o«»-i«has  suggested  a  method  which  is  very  .semceable  for 
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the  detection  of  the  baciUiisi  of  sypliili.s.  In  tliis  the  di'icd  cover-glass 
jiroparation  is  Avarined  for  some  minutes  in  an  aniline-water  fuchsin 
fhnd,  then  washed  with  water  to  which  a  few  drojis  of  jierchloride  of 
iron  solution  have  been  added,  and  finally  decolorised  in  a  concentrated 
solution  of  that  salt.  The  bacillus  then  remains  of  a  red  colour,  while 
all  other  micro-organisms  are  bleached. 


Fig,  i38.-Actinoniyces  from  .a  Case  of  Actinomycosis  of  Pleural  Cavity  (eye-piece  III., 
objective,  oil  immersion  Vs,  Kek-heH  ;  compressed). 

4.  Actinomyces.— This  parasite  was  first  discovered  by  Bollinger  i"  in 
cattle,  and  afterwards  vci  man  by  Ponfich  is  and  IsraelP  In  the  former 
It  gives  rise  to  tumours  of  considerable  size,  but  in  man  its  proliferation  is 
usually  associated  A\'ith  chronic  inflammation  and  the  production  of  pus. 

It  would  appear  from  numerous  comnumications  that  have  been  made 
in  recent  years  that  actinomycosis  is  a  disease  of  very  wide  distiibntion, 


Fio.  ,39.-Actiuomyccs  from  Peritoneum  (eye-piece  HI.,  objective,  oil  immersion  A,  md.H, 

unstained  preparation).  ' 

^^..TrT^f't  ^^^-^^      ''>"g"^«'  till  lately 

obscure,  to  which  the  name  of  angina  Ludovici  has  been  given.  20 

aiL^oflhe  ]I!n'f.*''V"*''*'"*''"  actinomycosis  of  the 
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exceptional  interest.  Anderso7i"^  ot'  Nottingham  has  lately  recorded  a  case 
of  actinomycosis  of  the  face  and  neck,  which  was  successfully  treated  by 
operation.] 

Tlie  pus  of  tliis  disease  is  thin,  viscous,  aud  somewhat  tenacious,  and 
discloses  to  the  naked  eye  small  nodules  of  a  grey  or  yellow  colour,  and 
about  the  size  of  a  poppy-seed.    Under  a  low  power  of  the  microscope 
these  particles  appear  as  a  dense  bunch-like  aggregation  of  spherules, 
which  under  a  higher  magnifying  power  are  seen  to  consist  of  pear- 
shaped,  and  radially  arranged,  masses,  whicli  have  a  considerable  refrac- 
tive power  (figs.  138,  139).    Towards  the  centre  of  such  masses  the 
individual  elements  diminish  in  size  and  fade  into  a  fine  network  of 
ramifying  fibres.    If  one  of  the  nodules  be  bruised,  it  shows  in  the  first 
place  numerous  detached  club-shaped  forms,  having  a  radiating  disposi- 
tion toward  the  periphery  (fig.  138),  and  passing  gradually  at  the  centre 
into  a  sort  of  detritus  ;  and  in  addition  to  these  are  a  variety  of  other 
objects,  club-shaped  and  of  indeterminate  appearance  (degeneration  types 
of  the  fungus),  lying  apart. 

There  was  for  a  long  time  much  doubt  as  to  the  botanical  character 
of  Actinomyces.    Eecently,  however,  it  has  been  established     that  it 
belongs  to  the  class  of  fission-fungi,  being  a  fission-alga  (Cladotlirix). 
The  characteristic  club-shaped  bodies  must  be  regarded  as  degeneration 
forms  of  the  fungus.     In  HTQstained  microscopical  preparations  they 
may  be  seen  sometimes  to  fade  into  the  central  fine  network,  and  even 
occasionally  to  be  enclosed  in  its  meshes  (fig.  139)-  [Orool-sha7ik-^- 
believes  that  actinomyees  is  a  fungus  intermediate  between  the  fission- 
and  the  higher  fungi ;  and  Dr.  W.  Hill     refers  it  to  the  Basidiomycetes.] 
With  the  aid  of  staining  methods  {Gram's  is  the  best)  the  individual 
threads  of  the  network  are  readily  distinguishable.    They  present  a 
jagged  or  undulating  contour,  and  result  from  the  cohesion  of  a  series 
of°  minute  spherical  organisms,  connected  together  by  a  remarkably 
delicate  envelope.    The  centre,  to  Avhich  aU  the  constituent  threads  of 
a  group  converge,  is  occupied  only  by  a  very  dense  network  of  this 

formation  (fig.  140)-  ^  ,     i   j  j 

The  pear-shaped  bodies  above  alluded  to  may  be  more  clearly  defined 
by  stainincr  with  Weigerfs'^^  process.  For  tliis  purpose  a  solution  is 
made  by  adding  together  20  cc.  absolute  alcohol,  5  cc.  concentrated 
acetic  acid,  and  40  cc.  of  distilled  water,  and  to  the  mixture  so  much  0 
the  so-caUed  Trench  extract  of  litmus  as  will  give  the  flmd  a  dark-red 
colour,  remaining  ruby-re.l  after  repeated  filtering  (Wedl's^^  htmus 
solution)  In  this  solution  the  cover-glass  preparations  are  aUowed  to 
remain  for  an  hour  or  so,  then  lightly  rinsed  with  alcohol,  and  placed 
for  two  or  three  minutes  in  a  2  per  cent,  gentian-violet  fluid,  whicli 
should  be  boiled  before  use,  and  filtered  after  cooHng. 
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If  the  specimen  U'.  now  examined,  it  will  be  found  that  whilst  the 
central  mass  of  Actinomyces  is  colourless,  tlie  fungus  threads  are 
stained  a  ruby-red.  advocates  staining  with  picro-carmine. 

In  most  cases,  however,  the  character  of  this  fungus  can  be;  determined 
by  a  simple  microscopical  examination.  The  physical  qualities  of  the 
pus,  and  the  discovery  in  it  of  groups  of  Actinomyces  or  the  clul> 
shaped  degeneration  forms  of  the  parasite,  are  points  which  will  aid  the 
diagnosis.  In  particular  cases  it  may  be  necessary  to  resort  to  Gram's 
staining  method,  and  to  observe  the  minute  structure  of  the  ultimate 
threads  of  the  fungus,  as  noticed  above  (comp.  p.  352).  Bujwid^-  has 
obtained  pure  ciUtivations  of  actinomyces  by  means  of  Buchne)''s^^  method 
(p.  388).  Seen  with  the  naked  eye,  these  bear  a  close  resemblance  to 
cultivations  of  tubercle-bacillus. 


Fio.  i4o.-Preparation  from  same  case  as  last,  stained  by  Gram's  method  (eye-piece  IV 
objective,  oil  immersion  ^,  Zeiss  .■  Abbe's  raiiTor  and  open  condenser). 

5.  Bacillus  of  Glanders.— The  specific  micro-organism  may  be  found 
in  the  pus  from  the  ulcerated  nasal  passages  in  glanders.  The  method 
described  in  connection  with  the  examination  of  the  blood  (p.  46)  will 
serve  for  its  recognition  here. 

Another  method  has  recently  been  suggested  {Ldjfier).-^^    An  auiline- 
water-gentian-violet  fluid  or  a  concentrated  alcoholic  solution  of  methylene- 
blue  may  be  employed,  and  immediately  before  use  it  is  added  to  its 
own  bullc  of  a  (i  :  10,000)  solution  of  potash.    In  the  fluid  which  results 
the  cover-glass  preparation  is  immersed  for  five  minutes.    It  is  then 
removed  and  placed  for  a  second  in  a  i  per  cent,  solution  of  acetic  acid 
tmged  slightly  yellow  with  oo-trop^olin.    By  means  of  another  mix- 
ture, containing  two  drops  of  concentrated  sulphurous  acid  and  one  of  a 
5  per  cent,  solution  of  oxalic  acid  in  10  cc.  of  water,  the  alkaline  stain- 
ing fluid  may  be  decomposed  and  the  preparation  freed  from  colour.  In 
this  way  the  micro-organisms  are  very  beautifully  stained. 

The  baciUus  of  glanders  may  also  infest  the  pus  from  an  abscess 
in  any  case,  its  character  may  usually  be  sufficiently  determined  in 
stamed  specimens  by  means  of  the  microscope.  When  necessary,  h.nv- 
ever,  all  doubt  may  be  removed  by  observing  the  result  of  inoculating. 
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animals  with  the  microbe.    In  the  intermediate  process  of  cultivation 
certain  characteristic  properties  are  disclosed.    When  the  various  other 
micro-organisms  which  are  nearly  always  present  in  the  ]jus  have  been 
eliminated  by  Koch's  method  (p.  385),  the  pure  i)late-cultivatifin  crop 
made  in  nutrient  agar-agar  at  37°  C.  has  the  appearance  of  a  greyish- 
white  drop.     The  pure   cultivation-product,   when  inoculated  upon 
animals,  as  the  mouse  or  guinea-pig,  induces  glanders.    When  engrafted 
on  the  potato  and  kept  at  a  temperature  of  35°  C.  the  bacillus  forms, 
in  two  or  three  days,  a  tlim  greasy  coating  of  a  brown  colour.  In 
coagulated  blood-serum  at  a  low  temperature  it  develops  after  two  or 
three  days  in  the  form  of  small  scattered  transparent  drops  which  have 
a  colour  very  much  the  same  as  that  of  the  serum.    The  fungus  is 
readily  cultivated  in  glycerine  agar-agar  ^5  and  in  nutrient  milk-peptone.so 
When  allowed  to  rest  for  some  time  longer,  the  cultivations  are  said  to 
develop  spores,  but  this  point  is  not  established  {BaumgaHen).^'' 
.  6.  Bacillus  of  Anthrax.— Opportunity  occasionally  offers  of  exa- 
minmg  the  pus  derived  from  a  carbuncle  in  anthrax.    The  specific 
micro-organism  is  that  described  at  p.  42.    A  certain  familiarity  with 
its  life-habits  Avill  often  facilitate  its  recognition,  especially  where  it 
can  be  obtained  only  in  very  small  numbers.    The  process  by  which 
these  have  been  studied  is  in  general  the  same  as  that  employed  for 
other  pathogenic  microbes.    Thus  the  elimination  of  other  forms  is 
effected  by  Koch's  plate  (nutrient  agar-agar  and  nutrient  gelatine) 
and  inoculation  methods  (see  p.  385).    When  cultivated  in  a  nutrient 
gelatine  medium,  the  bacillus  of  anthrax  develops  in  twenty-four  to 
thirty-six  hours,  and  forms  mmute  points  which  are  scarcely  visible  to 
the  naked  eye.    With  a  lens  the  colonies  are  seen  to  be  dark  figures 
with  an  irregular  undulating  outUne.    Their  pecuHar  shape  becomes 
more  evident  after  the  lapse  of  forty-eight  hours,  and  later  the  culti- 
vation liquefies,  and  from  the  dark  central  point  it  stretches  in  wavy 
strings  over  the  entire  surface  of  the  plate. 

The  fungus  does  not  liquefy  agar-agar,  men  cultivated  on  steri- 
lised potato"  it  forms  a  whitish-grey  sUmy  patch  of  uneven  surface,  and 
extending  but  a  few  millimetres  from  the  site  of  inocidation.  Blood- 
senun  cultivations  form  a  superficial  coating  of  white  colour.  Nutrient 
rrelatme  test-tube  cultivations  take  the  form  of  delicate  white  threads 
much  interwoven,  and  graduaUy  Hquefy  the  gelatine ;  drop-cultivations 
of  anthrax-baciUus  in  nutrient  broth  take  the  shape  of  long  threads,  ni 
which,  after  a  time,  lustrous  spots  (spores)  de^■elop  at  regular  nitervals 

(comp.  p.  43)-  ,      .  1 

If  the  baciUus  be  imparted  by  inocidation  to  such  annuals  as  the 
mouse  or  guinea-pig,  the  animals  exhibit  the  symptoms  of  splenic  fever, 
and  the  micro-organism  may  be  obtained  from  their  blood.3» 
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7.  Bacillus  of  Leprosy. — The  nodes  ■which  are  apt  to  form  on  various 
parts  of  the  skin  and  mucous  membrane  in  leprosy  occasionally  brealc 
down  and  ulcerate,  with  tlie  formation  of  an  abundant  thin  pus.  In 
this,  as  indeed  in  the  growtlis  of  leprosy  generally,  largo  numbers  (jf 
bacilli  may  be  found  (A.  Hansen,  Neisser)P  Tliey  have  the  form  of 
minute  rods  4-6  long  and  i  iir  breadtli,  and  have  a  close  resem- 
blance to  the  bacillus  of  tubercle  (see  p.  106).  Like  the  latter,  they 
stain  in  alkaline  fluids,  and  are  not  bleached  by  subsequent  exposure 
to  acids.  Tliey  are  distinguished  by  the  comparative  readiness  with 
which  they  stain,  and  by  more  easily,  taking  up  the  colouring-matter 
from  a  simple  watery  solution  of  aniline  dye.*"  For  their  detection  in 
the  pus  a  suitable  dry  cover-glass  preparation  must  be  made  (see  p.  105), 
stained  with  Ziehl-Neelsen's  carbol-fuchsin  fluid,  and  again  decolorised 
in  acid  (best  with  nitric  acid)  alcohol.  [Ehrlich's,  Weigert\%  and  Gihbes' 
methods  also  serve.] 

Melcher  and  Odmami*^  claim  to  have  produced  leprosy  in  animals 
(rabbits)  by  inoculation  with  diseased  tissue;  and  Bordoni-Uffreduzzi^- 
to  have  cultivated  the  fungus  from  the  spinal  cord  of  lepers  by  inocula- 
tion in  glycerine  peptone-serum,  glycerine  blood-serum,  and  glycerine 
agar-agar.  According  to  the  latter,  when  cultivated  by  surface  inocula- 
tion of  nutrient  substances,  it  forms  ribbon-like  cultivations  AAdth  irregular 
borders,  and  of  a  light-yelloAv  colour.  On  glycerine  agar-agar  it  develops 
in  small  roimd  wliitish-grey  cultivations,  somewhat  elevated  at  the 
centre,  thinned  at  the  edges  and  having  a  jagged  outline. 

[These  statements  need  further  confirmation.  The  attempt  to  culti- 
vate the  bacillus  of  leprosy  has  been  made  without  decided  success  by 
many  pathologists  both  in  England  and  abroad.  Patridc  Manson'^'^  was 
one  of  the  earliest  to  investigate  the  subject,  and  its  literature  includes 
contributions  by  Campana,'^^  Kantliaclc  and  Barclay,^^  Beavan  Rake 
and  Biichnaster,^'^  StaUaro'^'  and  ByronA^  Dr.  P.  S.  Abraham,  the 
Secretary  of  the  English  Leprosy  Commission,  to  \vhom  the  editor  is 
nidebted  for  a  personal  communication,  has  examined  specimens  of  the 
cultivations  obtained  by  some  of  these  observers,  and  he  is  of  opinion 
that  they  are  groAvths  of  a  micro-organism  of  the  skin  which  has  nothing 
to  do  Avith  leprosy.] 

8.  Bacillus  of  Tetanus.— In  view  of  the  fact  that  the  bacillus  is 
found  in  the  pus  from  woimds  in  cases  of  tetanus,  and  that  nmch 
importance  attaches  to  its  recognition,  some  description  of  it  is  required 
here.'*!'  It  occurs  as  delicate  slender  rods  which  have  often  a  terminal 
spore,  and  thus  present  the  appearance  of  bristles  (see  fig.  141).  They 
stain  with  all  the  anilme  dyes,  and  also  with  Gram's  fluid.  To  obtain 
pure  cultivations  from  pus,  the  cultivations  first  derived,  which  contain 
fungi  of  diff-erent  kinds,  are  heated  to  80°  C.  in  a  water-bath,  for  from 
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a  half  to  one  hour  during  a  few  days,  after  which  they  are  indculated 
on  gelatine  plates  to  which  1.5  to  2  per  cent,  of  grape-sugar  has  been 
added,  and  these  are  kept  in  a  hydrogen  atmosphere  (Kitamto^^)  at 
20-25°  C.  The  resulting  colonies  are  somewhat  dense  at  the  centre, 
with  a  more  delicate  and  uniform  periphery  radiating  from  it.  The 
preparation  becomes  fluid  in  time,  and  gas  is  evolved. 

If  a  pure  cultivation  be  inoculated  under  the  surface  of  gelatine, 
growth  begins  near  the  surface  of  the  gelatine,  and  the  resulting 
cultivation  is  marked  with  faint  radiating  striae,  or  sometimes  as  thorn- 
like processes  projecting  from  it.  Development  is  more  rapid  in  agar- 
agar.  After  exposure  of  the  bacilli  for  thirty  hours  to  a  temperature 
of  37°  C.  the  spores  already  mentioned  make  their  appearance. 


.s    -    1  X^x 
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Fig.  141.— Bacilli  of  Tetanus  (pure  cultivation).    Compensation  eye-piece  VIII.,  objective  oil- 
immersion     Zeiss  (from  Koch). 

9.  Bacillus  of  Influenza.— i?.  Pfeiffer'^^  has  foimd  in  the  sputmn,  and 
cultivated,  a  definite  micro-organism,  which  he  bebeves  to  be  charac- 
teristic of  influenza.  By  EUasato^^  it  was  cultivated  to  the  fifth  gene- 
ration in  glycerine-agar,  and  Canon  ^3  has  detected  a  similar  fungus  in 
the  blood  of  those  infected  with  the  disease,  and  afterwards  by  means 
of  cultivation-experiments  established  its  identity  with  the  baciUus  of 
Pfeiffer  and  Kitasato.  Although  the  micro-organism  has  not  yet  been 
found  in  pus,  it  wiU  be  described  here,  both  because  its  discovery  was 
announced  too  late  to  notice  it  iir  its  proper  place  in  this  book,  and 
also  because  it  doubtless  exists  in  the  pus  of  those  infected  Math 
influenza. 

According  to  Pfeiffer,  the  bacilli  have  the  form  of  very  minute  rods 
of  about  the  same  thickness  as  those  of  mouse-septic^mia.    They  stain 
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well  in  Ldffler's  metliyleiie-blue  fluid  when  heated  (see  p.  41),  and  also 
in  dilute  Zielil-Neelsen  fluid  (\x  106).  They  do  not  stain  with  Gram's 
method.  On  glycerine-ugar  solidified  obliquely,  after  twenty-four  hours 
they  develojj  the  appearance  of  drops  of  water  which  require  a  lens  to 
make  them  visible.  The  colonies  remain  separate.  For  the  detection 
of  the  bacillus  in  the  blood,  according  to  Canon,  the  latter  is  spread  on 
a  cover-glass  and  dried  in  the  usual  M^ay ;  the  cover-glass  prejjaration  is 
treated  for  at  least  five  minutes  with  absolute  alcohol,  and  is  then  put 
for  three  to  six  hours  to  stain  in  Clienzinslcy's  eosin-methylene-blue  fluid 
(see  p.  57).5i 

It  is  probalile  that  the  pathogenic  micro-organisms  of  pus  include 
others  besides  those  mentioned  here.  Reference  may  be  made  espe- 
cially to  the  interesting  observations  of  Eppinger,^^'  concerning  a  new 
cladothrix  Avliich  has  been  found  in  abscesses. 

3.  Protozoa. — Little  is  known  as  yet  as  to  the  presence  of  these 
jiarasites  in  pus.  Kiinstler  and  Piires^^  found  numerous  large  spores 
.with  ten  to  twenty  crescentic  corpuscles  in  the  pus  from  the  pleural 
cavity  of  a  man.  These  bodies  closely  resembled  the  coccidia  which 
occur  in  the  bodies  of  mice  (comp.  pp.  89,  180).  Litten  ^~  observed  cerco- 
monads  in  the  pimcture-fluid,  derived  probably  from  the  lungs.  N'asse 
has  reported  the  presence  of  amcebse  in  the  pus  from  a  hepatic  abscess. 

4.  Vermes. — Filaria  have  been  observed  occasionally  as  occurring 
in  the  pus  of  tropical  abscess  of  the  liver.  In  temperate  climates  also 
abscesses  result  from  an  invasion  of  hydatids,  and  in  such  cases  the 
pus  contains  entire  echinococcus  cysts,  or  fragments  of  the  membrane 
and  booklets.  Babesiu  found  filaria  in  the  gastro-splenic  omentum. 
They  were  probably  the  same  as  Grassi's'^^  Filaria  inermis.  With 
these  should  be  mentioned  the  bodies  resembling  filaria  which  Sarea?ii  •'^ 
reports  as  found  by  him  in  the  suppurating  parotid  of  a  Avoman. 

5.  Crystals. 

1.  Cholesterin.— Crystals  of  cholesterin  are  very  rarely  to  he  found  in 
fresh  pus— more  commonly  in  that  derived  from  cold  abscesses,  and  most 
abundantly  in  foetid  discharges  and  in  suppiu-ating  ovarian  cysts.  For 
their  character  and  recognition  the  reader  is  referred  to  pp.  1 1 1,  203,  249. 

2.  Hsematoidin.— This  body  exhibits  the  same  variety  of  form  here 
as  in  the  sputum,  the  urine,  and  the  fsces  (pp.  in,  195,  241).  Its 
presence  invariably  points  to  a  previous  hemorrhage.  It  is  specially 
abundant  in  tlie  case  of  .suppurating  hydatid  cysts.^'' 

3.  Fatty  Needles.— These  are  of  very  many  shapes  and  forms,  occur- 
ring sometimes  singly,  and  sometimes  in  groups  and  clusters.  They  are 
the  outcome  of  a  degenerative  process,  and  show  that  the  pus  in  which 
they  are  found  has  been  long  formed.  Very  perfect  margariu  needles 
may  be  obtained  from  gangrenous  pus  (tig.  142). 


358 


EXUDATIONS. 


4.  Triple  Phosphate.— Crystals  of  triple  phosphate  are  a  common 
constituent  of  the  pus  (see  p.  248).  Crystals  of  carbonate  and  of  phos- 
phate of  lime  are  also  met  with,  and  most  commonly  in  foetid  pus. 

III.  CHEMICAL  EXAMINATION  OF  THE  PUS.— It  rarely  hap- 
pens that  much  aid  accrues  to  diagnosis  from  the  chemical  examination 
of  the  purulent  discharges.  The  albuminous  substances  -which  may 
commoirly  be  recognised  are  serum-albumin,  globulin,  and  especially 
peptone  {Hofmeister^^)  in  large  quantity.  The  latter  is  derived  from 
the  cells,  not  from  serum.  For  the  means  of  detectmg  these  bodies  the 
reader  is  referred  to  p.  255. 

Fresh  pus  always  contains  glycogen,  and  traces  of  grape-sugar  are 
seldom  wanting.  In  testmg  for  the  latter,  the  pus  should  be  boiled 
with  an  equal  weight  of  sodium  sidphate,  to  free  it  from  albumin, 
filtered,  and  the  filtrate  treated  in  the  manner  previously  described 
(p.  274). 

In  cases  of  jaundice  the  pus  may  contain  bile-pigments  and  bdiary  acids. 

Considerable  quantities  of  nuclein,  fats,  cholesterin,  and  a  number 
of  inorganic  salts,  notably  phosphate  and  chloride  of  sodium  {Miescher, 
Nmmyn  ^%  are  constantly  to  be  found. 

In  three  specimens  of  pleuritic  exudation  which  he  has  investigated 
the  author  foimd  abundance  of  acetone,  and  it  woidd  appear  from  a 
private  communication  of  Professors  Baumann  and  Baiimler  that  that 
body  is  commonly  a  constituent  of  pus.  In  another  specimen  sub- 
mitted to  him  by  Dr.  R.  Paltauf,  whose  attention  had  been  attracted 
by  the  evident  odour  of  acetone,  it  was  found  by  the  author  to  be  plen- 
tifuUy  present ;  and  the  researches  of  others  have  shown  that  acetone 
is  frequently  present  in  large  proportion  in  exudation  fluid.  Foetid 
plem-al  exudation  often  contams  sulphuretted  hydrogen.  The  method 
for  its  detection  is  described  at  p.  327-  There,  as  in  certain  forms  of 
hydrothionuria,  fungi  possessmg  the  property  of  liberating  sulphuretted 
hydrogen  may  be  isolated  from  the  fluid. 

Guttmann^^  found  indigo-producing  substances  in  exudations.  The 
author  has  repeatedly  established  the  presence  of  fatty  acids,-acetic 
formic  and  butyric  acids.    Pus  contains  further  a  trace  of  uric  acid  and 
several  xanthin  bases.    Much  interest  attaches  to  the  occasional  i^resence 
of  guanin  {v.  Jahsch).^"^ 

2.  Sero-Purulent  Exudations. 
Sero-purulent  closely  resemble  the  purulent  discharges  in  their  chemi- 
cal, physical,  and  morphological  character.    They  are  distinguished 
chiefly  by  the  relatively  smaller  proportion  of  extractives  which  they 
yield.    They  invariably  point  to  antecedent  inflammation. 
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3.  PuTKiD  Exudations. 

Discharges  of  this  character  are  brown  or  l)ro\vnish-green  in  colour, 
and  have  a  penetrating  and  disagreeable  odour.  Their  reaction  is 
usually  alkaline.  Microscopically  they  exhibit  much-slirunken  leuco- 
cytes and  an  abundance  of  crystals,  chiefly  of  fat,  and  of  cliolesteriii 
and  hfeiuatoidin  in  lesser  proportion.  They  also  contain  a  profusion  of 
fission-fungi  of  different  kinds  (see  fig.  136). 

4.  H^EMORRHAGIC  ExUDATIONS. 

A  haemorrhagic  exudation  contains  an  abundance  of  red  blood-cor- 
puscles, and  often  also  a  considerable  quantity  of  dissolved  haemoglobin. 
Endothehal  cells  loaded  with  fat  are  almost  invariably  to  be  found, 
and  when  these  occurring  in  pleuritic  fluid  exhibit  the  glycogen  re- 
action in  a  marked  degree,  they  favour  the  assumption  of  carcinoma 


Fig.  142.— Pus  from  Putrid  Empyema  (ej-e-piece  III.,  objective  8a,  Meichert). 

(QuincJcey^  A  positive  diagnosis  upon  this  point  results  from  the 
further  discovery  of  cancer-cells. 

In  the  absence  of  determinate  (specific)  elements,  as  cancer-cells, 
tubercle-bacillus,  &c.,  no  very  definite  conclusion  can  be  drawn  from 
the  haemorrhagic  character  of  the  discharge,  since  many  different  pro- 
cesses may  be  associated  with  the  effusion  of  blood.  Still,  in  the  case 
of  pleuritic  fluid,  where  scurvy  and  cancer  of  the  pleura  can  be  excluded, 
the  appearances  would  point  to  tuberculosis. 


5.  Serous  Exudations. 

Fluids  of  this  class  are  almost  quite  clear  and  more  or  less  deeply 
tinged  yellow;  they  coagulate  on  standing  (for  twenty-four  hours), 
and  yield  a  clot  which  is  usually  rich  in  fibrin.  Microscopically  they 
exhibit  scattered  red  blood-corpuscles  in  usually  fairly  good  preserva- 
tion, but  sometimes  much  attenuated,  a  number  of  leucocytes,  some 
fatty  globules  and  endothelial  cells,  separately  or  in  groups.  In  addi- 
tion to  these  are  sometimes  cells  ranging  from  7-30  ,a  in  diameter,  and 
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formed  of  very  small  droplets.  These  may  contain  two  or  three  large 
cavities  {Bizzo::ero).^'^ 

There  is  reason  to  believe  that  micro-organisms  very  frequently 
infest  the  serous  exudations,  but  the  subject  calls  for  further  elucida- 
tion. It  would  appear,  at  any  rate,  that  fungi  occur  oftener  in  them 
than  in  the  transudations  which  so  closely  resemble  them  in  their 
physical  and  chemical  properties.  The  fluid  obtained  from  the  pleural 
cavity  in  tubercle  of  the  pleura  with  breaking  down  of  tissue  may 
contain  the  specific  bacillus  of  that  disease.  In  cases,  however,  where 
no  discharge  of  tubercular  matter  has  taken  place  into  the  pleural 
cavity,  the  tubercle-bacillus  will  not  be  found. 

Cholesterin  crystals  occur  in  serous  discharges  of  old  standing. 
Chemically,  serous  exudation  fluid  contains  serum-albumin  and  globulin, 
but  no  peptone.  Sugar  in  small  quantity  is  invariably  present,'"  and 
acetone  from  time  to  time.  A  notable  fact  is  the  frequent  or  perhaps 
invariable  occurrence  of  uric  acid  in  exudations  of  this  kind. 

The  density  of  the  fluid  is  clinically  a  fact  of  much  consequence. 
It  may  be  estimated  by  means  of  a  pycnometer,  or  with  an  accurate 
aerometer,  regard  being  had  at  the  same  time  to  conditions  of  tempe- 
rature.   The  sp.  gr.  will  usually  be  found  to  exceed  1.018  {Reuss).'''^ 

6.  Chylous  Exudations. 

Peritoneal  exudation  is  commonly  characterised  by  the  abundance 
of  fatty  matter  which  it  contains.  This  also  is  especially  true  of  dis- 
charges depending  upon  obstruction  of  the  thoracic  duct. 

The  appearance  of  chyle,  however,  is  sometimes  misleading,  since  it 
has  been  shown  that  this  character  belongs  in  general  to  pathological 
fluids  of  low  sp.  gr.,  especially  to  such  as  owe  their  origin  to  passive 
congestion  [F.  A.  Hoffmann).'''^ 

Boulengier"^^  draws  a  distinction  between  chylous  and  chyliform 
exudation,  limiting  the  first  of  these  terms  to  the  case  in  Avhich  chyle 
is  actually  discharged  into  the  peritoneal  cavity,  while  the  second  im- 
plies only  that  the  fluid  has  the  properties  of  chyle.  Chylous  effusion 
is  very  rich  in  fat.  A  specimen  of  chylous  pericardial  fluid  was  found 
by  HasebroeJc'*  to  contain  10  per  cent,  of  the  latter. 

For  the,  discrimination  of  the  difi'erent  forms  of  pleuritic  effusion,  the 
bacteriological  evidence  is  of  much  importance."  Thus  the  absence  of 
micro-organisms  points  to  a  tubercular  origin  when  the  exudation  is 
purulent ;  sero-fibrinous  exudations  are  also  usually  free  from  fungi,  and 
eases  of  empyema  occur  in  which  only  Staphylococcus  pyogenes  is  found. 
Exudations  occurring  in  the  course  of  pneumonia  often  exhibit  Erfenkel's 
pneumonia-coccus,  and  such  have  generally  a  favourable  ternnnation. 
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In  general  it  is  a  difficult  task  to  determine  wliother  a  particular 
fluid  eflfused  into  one  of  the  cavities  of  the  body  is  due  to  inflamma- 
tion (exudation)  or  to  simple  obstruction  (transudation).  In  sucli 
cases  a  probable  conclusion  may  be  based  upon  the  specific  gravity 
of  the  fluid  {Mehu,  A.  Beuss).''^  A  further  point  of  interest  in  this 
connection  is  the  fact  that  inflammatory  fluids  are  relatively  rich  in 
iibrin  (for  the  estimation  of  this  body  see  p.  270),  and  in  drv  residue 
products."" 

B.— TRANSUDATIONS. 

Transudation  fluids  may  be  serous,  sanious,  or,  in  rare  instances, 
chylous.  Their  sp.  gr.  is  in  general  lower  than  that  of  inflammatory 
effusion  into  the  same  cavity.  They  are  always  alkaline, ''^  and  for  the 
most  part  of  a  yellow  colour. 

Microscopically  they  exhibit  but  few  tissue  elements — fewer  than,  but 
in  other  respects  similar  to,  those  of  serous  exudation.  It  should  be 
noted  that  in  serous  pleuritic  eflusion  a  large  quantity  of  endothelium 
is  often  detached.  This  must  not  be  taken  to  imply  endothelial  pro- 
liferation in  a  new  growth  (carcinoma),  unless  blood  be  also  present, 
when  such  an  inference  acquires  additional  support.™  Chemically, 
transudation  products  exhibit  much  albumin,  and  generally  sugar. so 
Tor  the  detection  of  the  latter  the  process  detailed  at  p.  274  may  be 
employed.    They  are  always  free  from  peptone. 

Such  fluids  are  distinguished  from  exudations  chiefly  by  their  low 
sp.  gr.  and  the  difficulty  with  which  they  coagulate.  The  distinction, 
however,  is  not  easy  to  make  in  many  instances. 

The  author  would  observe  that  in  six  specimens  of  transudation  iluid  and  serous 
exudation,  which  were  entirely  free  from  blood-corpuscles  and  dissolved  blood- 
pio-ment,  he  succeeded  in  separating  no  small  quantity  of  urobilin.  This  body 
IS  commonly  to  be  found  in  transudations  and  exudations,  and  uric  acid  is  always 
present  in  them.  In  the  transudation  from  a  case  of  cirrhosis  of  the  liver  Mosca- 
recently  found  allantoin.8=  For  the  detection  of  uric  acid  the  process  de- 
scribed at  p.  71  may  be  applied. 

C— CONTENTS  OF  CYSTS. 

The  physician  has  often  to  decide  whether  a  particular  specimen  of 
fluid  withdrawn  from  the  body  by  aspiration  or  puncture  is  inflanmia- 
tory  m  its  origin  or  due  to  passive  congestion,  and  finally  whether  it 
IS  derived  from  a  cyst.  Such  a  question  is  least  apt  to  arise  in  explora- 
tion of  the  pleural  cavity,  but  in  connection  with  abdominal  symptoms 
1  IS  frequently  very  urgent  to  be  able  to  give  a  definite  answer.  And 
this  is  not  always  easy;  at  times,  indeed,  it  is  impossible. 

The  cysts  with  which  we  have  to  do  in  this  way  are  hydatid  and 
ovarian  cysts,  and,  in  rare  instances,  cystic  kidney  and  pancreatic  cysts 
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1.  Hydatid  Cysts.— The  fluid  obtuined  by  puncture  from  a  hydatid 
cyst  is  clear,  alkaline,  and  usually  of  low  sp.  gr.,  i. 006-1. 010.    It  con- 
tains a  small  quantity  of  a  reducing  substance  (grape-sugar),  very 
little  albuniin,  and  abundance  of  inorganic  salts,  as  sodium  chloride.s^* 
Succinic  acid  and  inosite  have  also  been  detected.    The  microscopical 
appearances  are  very  characteristic.    Amongst  these  are  the  booklets 
(see  also  p.  109)  and  portions  of  ecbinococcus  membrane,  so  readily  dis- 
tinguished by  its  transverse  striation  and  uniformly  granular  inner 
surface  (p.  109,  fig.  61).    Scolices  may  also  be  seen,  and  are  known  by 
the  two  circles  of  booklets  and  four  suctorial  discs  on  the  anterior  aspect 
(head)  and  the  sack-like  hinder  part,  which  is  separated  from  the  head 
by  an  annular  constriction.    If  the  cysts  have  suppurated  or  be  filled 
with  blood,  as  sometimes  happens,  chemical  examination  will  usually 
throw  but  little  light  upon  their  character.    An  absolute  diagnosis  is 
possible  only  when  booklets  or  shreds  of  membrane  have  been  seen  in 
the  fluid.    Consequently  it  is  well  to  receive  the  latter  in  a  conical  glass, 
and  to  carefully  examine  the  sediment  for  these  bodies. 

Hydatid  cysts  often  contain  hsematoidin  crystals  (see  p.  196). 
2.  Ovarian  Cysts.— The  fluid  obtained  from  ovarian  cysts  is  re- 
markably variable  in  its  character. 

It  is  generally  to  be  distinguished  from  inflammatory  and  congestion 
fluids  by  its  high  sp.  gr.,  which  ranges  from  1.020  to  1.026.  Its 
reaction  is  alkaline,  and  it  has  little  tendency  to  coagulate. 

It  is  further  marked  by  the  great  abundance  of  tissue  cUhris  which 
it  contains,  and,  from  the  nature  of  the  cells  which  preponderate, 
information  may  be  drawn  as  to  the  kind  of  cyst  from  which  it  has 
been  taken. 

Instances,  however,  occur  in  which  the  fluid  from  an  ovarian  cyst 
shows  nothing  by  which  it  may  be  known  from  that  of  ascites,  and, 
exceptionally,  it  has  a  sp.  gr.  even  lower  than  that  of  a  transudation 
fluid.  According  to  Scliah,  Gusseroio,  and  Westplialen,^  a  low  sp.  gr. 
with  little  albumin  points  to  a  cyst  of  the  broad  Ugament. 

When  hjBmorrhagc  has  taken  place  into  the  cyst,  its  contents  may 
vary  in  colour  from  red  to  a  chocolate-brown,  and  be  very  turbid.  The 
microscopical  examination  of  ovarian  fluid  shows  a  very  variable  quan- 
titv  of  red  and  white  blood-corpuscles,  and  many  forms  of  epithelium, 
squamous,  columnar,  and  ciliated  (fig.  143,  «>  ^>  Tl>ese  cells,  how- 
ever, are  rarelv  well  preserved,  but  are  for  the  most  part  far  advanced  m 
fatty  degeneration,  and  often  with  difficulty  recognisable.  Colloid  con- 
cretions (fig.  143,  /)>  -  '-^11  probability  derived  from  epithelium,  are 
invariably  found  in  the  so-called  colloid  cysts. 

Certain  forms  of  ovarian  cysts  may  be  readily  differentiated  bj  a 
microscopical  examination  of  their  content.s.    Thus  m  dermoid  cysts 
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may  be  seen,  besides  squamous  epitlielium,  hairs,  and  crystals — choles- 
terin,  fatty,  and  hfematoidin.  Chemical  investigation,  too,  throws 
much  light  upon  the  character  of  an  ovarian  iluid.  It  will  be  found 
as  a  rule  to  contain  albumin,  and  always  metalbumin  (paralbumin), 
and  it  is  this  body  principally  which  renders  it  turbid  and  stringy 
{Hamviarsten).^'' 

To  Test  for  Metallmmin. — The  fluid  is  mixed  with  three  times  its 
bulk  of  alcohol  and  allowed  to  stand  for  twenty-four  hours,  when  it  is 
filtered,  the  precipitate  squeezed  out,  and  suspended  in  water,  which 
is  again  filtered.  The  filtrate  is  opalescent  and  has  the  following 
characters  : — {a.)  On  boiling  it  becomes  turbid,  but  does  not  form  a 
precipitate,  (/j.)  No  precipitate  forms  with  acetic  acid.  (c.)  Acetic 
acid  and  ferro-cyanide  of  potassium  render  the  fluid  thick  and  impart 


Fio.  143.— Contents  of  an  Ovarian  Cyst  (eye-piece  III.,  objective  8a,  Htichert). 
«.  Squamous  epitbelium  cells;  b.  Ciliated  epithelium  cells;  c.  Columnar  epithelium  celis  • 
d.  Various  forms  of  epithelial  cells ;  c.  Fatty  squamous  epithelium  cells ;  /.  Colloid 
bodies  ;  g.  Cholesterin  crystal?. 


to  it  a  yellow  tint,  {d.)  Millon's  reagent,  on  boiling,  yields  a  bluish- 
red;colour.  (e.)  Concentrated  sulphuric  and  glacial  acetic  acid  yield  a 
violet  colour  (AdamJcieioicz).  (f.)  mippert^^  has  pointed  out  that  when 
the  fluid  containing  metalbumin  is  boiled  with  sulphuric  acid  it  yields 
reducing  substances,  and  this  he  regards  as  one  of  its  most  characteristic 
properties.  It  must  be  noted  that  metalbumin  is  a  constituent  of  other 
pathological  fluids  besides  that  of  an  ovarian  cyst.  These  cysts,  and 
especially  dermoid  cysts,  also  hold  a  considerable  quantity  of  cholesterin 
m  solution.  Cystic  fluids  have  been  frequently  shown  to  contain  dias- 
tatic  ferment  in  appreciable  quantity.^" 

3.  Cystic  Kidney. — In  all  cases  where  a  sufficient  specimen  can  be 
obtained,  the  fluid  from  a  cystic  kidney  (hydronephrosis)  may  be  at 
once  identified  on  the  ground  of  its  chemical  properties  and  microscopical 
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appearances.  An  important  point  is  tlie  presence  of  renal  epithelium, 
and  this  should  be  carefully  sought  for.  Then  the  determination  of 
urea  and  uric  acid  in  large  quantity  indicates  a  connection  with  the 
kidney ;  but  it  must  not  be  forgotten  that  these  bodies  occur  more  or 
less  plentifully  in  ovarian  cysts,  or  may  be  supplied  to  them  when  they 
communicate  Avith  the  urinary  tract  by  an  abnormal  channel. 

It  lias  been  said  that  for  the  purpose  of  diagnosis  the  greatest  signifi- 
cance attaches  to  the  presence  of  epithelium  from  the  urinary  tubules  ; 
and  inasmuch  as  this  usually  occurs  very  sparingly  in  the  fluid  from  a 
cyst,  the  latter  after  removal  by  puncture  should  be  allowed  to  settle 
and  the  sediment  carefully  examined.  Such  of  the  clinical  symptoms 
of  cystic  kidney  as  call  for  notice  here  are  very  various.  P.  Wagner  ^ 
observed  that  the  urine  is  often  scanty.  Albuminuria  and  intermittent 
htematuria,  symptoms  of  sufficiently  vague  import,  also  occur. 

4.  Pancreatic  Cysts.— The  fluid  from  a  pancreatic  cyst  is  of  low 
sp.  gi-.— I.OIO-I.OI2  (KarewsJd^^),  1.022  (Hnfmeister^^),  1.028  {v. 
JaJxSch  fi)— and  usually,  though  not  always,  has  an  admixture  of  blood. 
In  the  author's  experience  the  blood-pigment  is  in  the  form  of  methse- 
moglobin.  There  is  also  present  abundance  of  cholesterin.  Of  proteids 
there  is  serum-albumin  ;  rarely  mucin  is  found.  Metalburain  is  absent. 
The  fluid  also  contains  diastatic  ferment,  but  the  fact  has  by  itself  no 
Aveight  in  diagnosis,  since  that  body  is  very  frequently  met  with  else- 
AA'here  (see  p.  205).  It  is  only  when  the  sugar  resulting  from  its  action 
is  found  to  be  maltose  tliat  any  significance  attaches  to  its  presence 
(see  p.  287). 

Such  a  fluid  has  the  property  of  digesting  albumin  without  the  addi- 
tion of  acid,  and  it  is*  this  property  which  lends  itself  chiefly  to  the 
purpose  of  diagnosis.  To  test  it,  according  to  Boas,^'-  the  fluid  may  be 
added  to  milk,  and  after  precipitation  of  the  casein  the  biuret  test  is 
applied.  If  tlie  reaction  is  obtained,  the  fluid  is  shown  to  have  the 
peptonising  property,  and  it  may  be  inferred  that  it  is  derived  from  the 
pancreas,  since  no  otlier  cystic  fluid  is  known  to  dissolve  albumin  in 
alkaline  solution.  Of  less  moment  is  the  property  of  such  fluids  to 
emulsify  fat  and  to  disengage  carbon  dioxide  gas  on  the  addition  of 
acids.  The  importance  of  the  characters  here  described  is  in  most  cases 
greatly  impaired  by  the  fact  that  the  larger  and  the  older  the  cyst,  the 
Fess  do  its  contents  exhibit  the  physiological  peculiarities  of  the  pan- 
creatic juice  {imtfery  It  follows  that  Avhere  the  clinical  symptoms 
point  to  a  cyst  of  the  pancreas,  it  is  not  admissible  to  reject  the  inference 
on  the  ground  that  the  fluid  is  devoid  of  the  tryptic  character,  and  to 
this  extent  the  diagnostic  value  of  these  chemico-physiological  observa- 
tions is  necessarily  curtailed. 
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D.-THE  SECRETIONS  FE,OM  FISTULiE. 

Where  these  consist  of  a  purulent,  or  simply  serous  fluid,  discharging 
through  an  unnatural  outlet,  their  diagnosis  may  be  based  upon  the 
considerations  already  dealt  with  under  the  headings  Transudations  and 
Exudations.  A  greater,  or  at  least,  at  present,  a  more  physiological 
interest  attaches  to  the  appearances  in  those  cases  where  fluids  are  dis- 
charged by  an  unnatural  opening,  which  might  be  assumed  to  communi- 
cate with  the  intestine,  because  the  fluid  closely  resembles  the  intestinal 
fluid  in  its  physiological  properties,  while  fuller  investigation  shows  that 
it  is  derived  from  cavities  lined  by  secreting  glandular  ei3itlielium. 

The  author  has  analysed  the  secretion  from  a  case  of  this  kind  which 
Professor  Wulfler  observed  and  operated  upon.  The  fluid  had  an  acid 
reaction,  and  contained  albumose  and  peptone  in  considerable  quantity, 
pepsin,  and  a  ferment  which  changed  maltose  into  grape-sugar;  no 
diastatic  ferment.^* 

The  maltose  employed  in  this  research  gave  Trommer's  reaction  only  very 
faintly  (see  p.  274).  When  it  acted  upon  the  secretion  at  40°  C,  both  Trommer's 
and  Nylander's  tests  gave  positive  results. 

Small  quantities  of  free  hydrochloric  acid  were  perhaps  also  present 
—the  Congo-red  and  benzo-purpurin  tests  gave  feeble  results — but  there 
was  no  sugar,  urea,  bile-pigment,  or  urobilin.  Of  inorganic  salts  there 
were  chlorides. 

From  this  statement  it  appears  that  the  fluid  in  many  of  its  characters 
resembled  the  mixed  secretion  of  the  intestinal  tract. 


CHAPTER  IX. 


THE  SECRETIONS  OF  THE  GENITAL  ORGANS. 

I.  THE  SEMINAL  FLUID. 

1.  Naked-Eye  Appearances  of  the  Semen.— The  seminal  fluid 

is  a  tliick,  white,  and  somewhat  opaque  fluid,  of  slightly  alkaline  reac- 
tion. It  is  tolerably  tenacious,  and  resists  the  pressure  of  the  cover- 
o-lass.  It  owes  this  property  to  the  presence  in  it  of  a  gelatinous 
substance,  which,  under  the  microscope,  appears  to  be  hyaline,  and 
encloses  innumerable  cavities  of  various  sizes.  The  semen  has  a  peculiar 
odour,  which  is  derived,  according  to  Furhringer}  from  the  prostatic 
fluid,  and  depends  upon  the  large  proportion  of  compounds  of  Schreiner's 
base  (asthylenimin)  (see  p.  no)  which  it  contains. 

2.  Microscopical  Examination  of  the  Semen.— The  sperma- 
tozoa, which  are  to  be  seen  in  great  numbers  in  the  semen,  are  thread- 
like bodies  about  50  ,a  in  length,  and  provided  with  a  head  4.5  im  long, 
and  compressed  in  one  plane,  so  as  to  appear  club-shaped  when  seen 
from  the  side.  They  exhibit  very  lively  movements,  but  their  motility 
is  rapidly  destroyed  by  the  addition  of  water,  drying,  &c.  They  are 
present  only  in  semen  and  in  fluids  with  which  the  latter  is  mixed,  and 
obviously  they  may  possess  a  great  interest  in  the  diagnosis  of  certain 
morbid  conditions.  It  may  happen  that  the  physician  will  have  to 
examine  the  semen  to  settle  a  question  of  sterility.  A  persistent 
absence  of  spermatozoa  (azoospermia)  will  show  that  the  individual  is 
incapable  of  procreation,  and  this  may  occur  whilst  the  other  signs  of 

'  sexual  power  are  retained.  Of  forty  cases  of  sterile  marriages,  KehreV^ 
found  that  azoospermia  was  the  cause  in  fourteen.  It  is  very  impor- 
tant to  distinguish  the  persistent  condition  from  the  temporary  absence 
of  spermatozoa,  which  occurs  as  a  result  of  excessive  and  repeated  inter- 
course. Under  such  circumstances  tlie  fluid  ejaculated  consists  almost 
entirely  of  prostatic  secretion  {Fiirhringer):^ 

In  addition  to  spermatozoa,  the  semen  exhibits  certain  cells— large 
and  small,  finely  granular  testicle-cells,  with  one  or  more  nuclei-some 
columnar  and  squamous  epithelium,  a  few  large  round  hyaline  bodies, 
lecithin  corpupcles,  and  stratified  masses  of  amyloid  substance,  which 
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are  finely  granular  within,  and  usually  enclose  a  central  kernel — these 
are  derived  from  the  prostatic  secretion  ;  and,  finally,  a  few  leucocytes — 
which  usually  have  two  nuclei — and  spermatic  crystals.  Some  red 
blood-corpuscles  may  also  be  seen. 

Certain  patliogeiiic  micro-orgauisms,  and  especially  tubercle-bacillus,  may  be 
present  in  the  secretion  from  the  genital  tract.  Thej-  are  usually  discharged  with 
the  urine.  The  seat  of  the  disease  may  be  determined  in  such  cases  by  other 
signs,  as  swelling  of  the  testicle  and  epididymis,  &c.  (comp.  p.  236). 

In  some  pathological  conditions  the  semen  may  be  coloured  a  chocolate- 
brown  from  the  presence  of  a  quantity  of  amorphous  blood-pigment. 
This  happens  especially  in  old  people  and  in  persons  who  have  often 
suffered  from  orchitis. 

A  very  particular  interest  attaches  to  the  spermatic  crystals.  In  their 
appearance  and  chemical  properties  they  very  closely  resemble  the 


Fig.  144.— Microscopical  iippearance  of  the  semeu  (human)  eye-piece  III.,  objective  8a,  Reicherl. 
a.  Spermatozoa  ;  h.  Columnar  epithelium  cells  ;  c.  Bodies  enclosing  lecithin  granules  •  d 
Squamous  epithelium  cells  from  the  urethra  ;  d'.  Testicle  cells ;  e.  Amyloid  corpuscles  • 
J.  Spermatic  crystals  ;  rj.  Hyaline  globules. 

crystals  which  have  been  already  described  as  occurring  in  the  blood, 
sputum,  and  faeces  (see  p.  no).  Fiirbrinc/er-  has  shoAvn  that  while  the 
basic  compound  is  derived  from  the  prostatic  fluid,  the  phosphoric  acid 
combined  with  it  is  furnished  by  the  other  component  of  the  semen— 
the  spermatic  or  testicular  secretion.  The  crystals  form  immediately 
and  in  great  abundance,  when  a  i  per  cent,  solution  of  ammonium 
phosphate  ([NHJ2HPO,)  is  added  to  the  pure  prostatic  fluid,  and  their 
presence  in  large  numbers,  therefore,  under  all  circumstances,  indicates 
prostatorrhoea  (see  p.  366). 

It  follows,  therefore,  that  such  crystals  are  not  characteristic  of  the 
semen,  and  the  admixture  of  that  secretion  with  some  fluid  or  in  a  dried 
discharge  can  be  established  only  on  the  discovery  of  spermatozoa.  For 
this  puri)ose,  when  dried,  they  must  be  dissolved  out  in  water  from  the 
discharge  containing  them. 

3.  Chemical  Examination  of  the  Semen.— But  little  informa- 
tion can  be  derived  in  this  way.    According  to  MiesrJiei;  tlie  funda- 
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mental  constituent  of  spermatozoa  is  nuclein.  Gloljulin  and  serum- 
albumin  have  been  found  in  the  semen,  and  it  is  very  rich  in  inorganic 
substances.    Posnor^  asserts  that  albumose  is  also  present. 

II.— SECRETIONS  OF  THE  SEXUAL  ORGANS  OF  THE  FEMALE. 
1.  Mammary  Secretion  (the  Milk).— During  the  entire  period  of 

gestation,  and  especially  from  the  third  month  of  pregnancy  onwards, 
a  thin,  whitish,  and  more  or  less  turbid  fluid  maybe  obtained  by  pressure 
from  the  breast.  This  is  a  fact  of  great  importance,  and  the  existence 
of  such  a  secretion  is  by  itself  strong  evidence  of  pregnancy. 

The  fluid  in  question,  when  examined  microscopically,  presents  in 
the  first  place  a  great  number  of  strongly  refractive  bodies  of  very 
irregular  size.     These  are  called  colostrum-corpuscles ;  they  are  fatty 


Fici.  145.— Colostrum  of  a  Woman  in  Sixtli  Month  of  Pregnancy  (eye-piece  III., 
objective  8a,  Reicliert). 

in  character,  and  are  usually  aggregated  in  groups.  In  addition  to 
these  are  to  be  seen  a  few  leucocytes  and  some  epithelial  cells  from  the 
inner  surface  of  the  ducts. 

Immediately  after  confinement  the  colqstrum-corpuscles  disappear 
from  the  milk,  and  eight  or  ten  days  after\  parturition  are  no  longer 
to  be  found.  Cerny^  supposes  that  colostruVcorpuscles  are  lymphoid 
cells  Avhose  function  it  is  to  take  up  and  alter  the  unused  milk-globules, 
which  they  then  transfer  from  the  acini  of  the  gland  to  the  lymphatics. 
In  their  place  is  seen  a  profusion  of  fatty  globules  of  irregular  dimen- 
sions, and  together  with  these  certain  particles  {Hoppe-SeyLer)  which 
consist  of  casein  and  nuclein. 

In  diseases  of  the  breast,  and  especially  in  cases  of  abscess  and 
inflammation  during  suckling,  the  milk  is  apt  to  exhibit  an  inter- 
mixture of  leucocytes. 

Micro-organisms  occur  in  the  secretion  in  connection  with  certain  morbid 
states.  Thus  Escherieh  ^  found  fungi  in  the  milk  of  a  woman  suff'er- 
iug  from  septictemia,  and  these  on  cultivation  proved  to  be  pathogenic. 
Pathogenic  Staphylococci  have  also  been  isolated  by  Koch's  cultivation- 
process  from  the  milk  of  a  woman  with  facial  erysipelas  {KnrlinsU).' 
Similarly  the  author  has  detected  micro-organisms,  and  especially  cocci. 
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which  stained  by  Gram's  method,  in  the  millc  of  a  patient  witli  puerperal 
septicajmia.s  Fiirtlier  observations  on  the  presence  of  fungi  in  human 
milk  have  been  published  by  M.  Kolin  and  H.  Neumann^ 

From  observations  which  the  author  has  made,  it  would  seem  probable 
that  tubercle-bacillus  also  is  occasionally  present.  The  matter  deserves 
further  notice. 

The  milk  of  some  of  the  lower  animals  has  been  known  to  be  infested  by  non- 
pathogenic micro-organisms  (Bacillus  cyanogenus  and  Micrococcus  prodigiosus), 
from  which  it  may  derive  an  abnormal  blue  or  reddish  tint  (Ncelscn,  Jlueppe)}'^' 

The  chemical  constitution  of  the  milk  varies  under  different  condi- 
tions both  of  health  and  disease.  The  milk  of  sick  women  is  generally 
less  rich  in  fat,  and  the  proportion  of  lactose  is  diminished.  Neither 
bile-pigments  nor  biliary  acid  have  yet  been  satisfactorily  demonstrated 
in  the  secretion  of  jaundice  {v.  Jalcschy^  The  albuminous  constituents 
of  human  milk  are  serum-albumin,  casein,  and  nuclein.  In  also  contains 
milk-sugar  and  fats.  For  the  detection  and  estimation  of  tlie  latter,  the 
method  described  for  the  same  purpose  in  the  chapter  on  urine  may  be 
employed.  Special  processes  for  the  quantitative  analysis  of  the  milk 
may  be  found  in  Hoppe-Seyler's  work. 

The  examination  of  the  milk  of  wet-nurses  is  a  point  of  practical 
interest  for  the  physician.  It  should  be  tested  carefully  as  to  its  naked- 
eye  and  microscopical  characters,  and  in  all  cases  chemically  analysed. 
In  addition  to  this,  information  may  be  derived  from  the  employment 
of  the  bacteriological  methods.  And  it  is  highly  expedient  that  the 
milk,  whether  of  healthy  or  diseased  women,  should  be  submitted, 
wherever  possible,  to  Koch's  plate-cultivation  processes,  so  as  to  ascer- 
tain the  absence  of  fungi. 

2.  Vaginal  SeCPetion.— This,  under  ordinary  circumstances,  is  a 
thai,  fluid  with  an  acid  reaction.  It  contains  a  few  large  leucocytes, 
each  with  a  single  nucleus,  and  squamous  epithelium  cells,  which,  for 
the  most  part,  are  covered  with  microbes.  In  vaginal  catarrh' the 
number  of  leucocytes  is  greatly  increased,  and  some  red  blood-corpuscles 
may  be  visible. 

In  cases  of  ulcerating  carcinoma  implicating  the  vagina  or  the  vaginal 
portion  of  the  uterus,  a  copious  foetid  discharge  takes  place,  and  in°this 
the  characteristic  large  cells  of  cancer  may  be  found  (fig.  146). 

Hausmann'^'  detected  fatty  needles  in  the  vaginal  mucus. 

Among  the  parasites  which  have  been  found  in  this  situation  are  :— 

1.  Yeast  and  Fission-Fungi.— Various  fungi  belonging  to  these  classes 
infest  the  vagina.  Thrush-fungus  vegetations  also  have  been  seen  there. 
The  vaginal  secretion  normally  {Winter  and  during  confinement 
{Ddderlein  and  Samschin^^)  contains  lission-fungi,  as,  e.g.,  Staphylo- 
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coccus  pyogenes  albus,  aureus,  and  citrous.  Finally,  it  is  sometimes 
important  to  examine  the  secretion  for  tubercle-bacillus  and  gonococci 
by  the  prescribed  methods. 

2.  Trichomonas  Vaginalis. — This  parasite  is  an  infusorium  of  oval 
shape,  and  about  lo  /m  in  length.  It  has  a  long  caudal  appendage,  three 
iiagella,  and  a  lateral  row  of  cilia. 

Of  the  chemical  constitution  of  the  vaginal  mucus  little  is  known.  It 
has  been  said  to  contain  trimRthylamin  {Hilger)?'' 


J?io.  146.— Preparation  of  Vaginal  Secretion  in  a  Case  of  Cancer  of  the  Cervix  Uteri 
(eye-piece  III.,  objective  8a,  Reiclicrt). 

3.  The  Uterine  Secretion. 

1.  Menstruation. — At  the  outset  of  menstruation  there  is  an  increased 
discharge  of  vaginal  secretion.  Later  on  there  is  mixed  with  this  an 
abundance  of  red  blood-corpuscles  and  prismatic  epithelial  cells  laden 
with  fat  from  the  interior  of  the  uterus.  The  proportion  of  blood-cells 
begins  to  diminish  after  a  few  days,  and  leucocytes  preponderate  towards 
the  close  of  the  period.  At  this  time  also  epithelium  and  a  large  quan- 
tity of  fatty  detritus  are  discharged. 

2.  The  Lochia. — The  fluid  discharged  during  the  first  few  days  after 
parturition  is  thin  and  of  a  red  colour.  In  addition  to  red  and  white 
blood- corpuscles  it  exhibits  uterine  and  vaginal  epithelium.  Later, 
whilst  the  red  corpuscles  diminish  in  number,  the  leucocytes  and  epithe- 
lium increase,  and  the  discharge  assumes  a  grey  or  even  white  colour.^'' 
Microbes  are  always  plentifully  present,  even  in  the  absence  of  septi- 
cEemia.  According  to  Z^ocZerZezra,^'' healthy  locliia  are  free  from  fungi, 
while  in  disease  he  found  them  without  exception  to  contain  Strepto- 
coccus pyogenes.    These  statements  are  confirmed  by  TliomenP 

A  point  of  special  importance  in  diagnosis  is  the  examination  of  the 
uterine  secretion  for  the  pathogenic  fungi,  to  which  reference  has  been 
already  made.  The  secretion  may  be  removed  for  the  purpose  by  means 
of  a  tampon. 


CHAPTEH  X. 


METHODS  OF  BACTERIOLOGICAL  ^ RESEARCH. 

The  great  practical  importance  which  tliis  subject  has  acquired  of  late 
makes  it  necessary  that  the  physician  should  be  familiar  with  the  pro- 
cesses for  ascertaining  the  presence  of  micro-organisms. 

In  all  cases  where  micro-organisms  may  be  tlie  exciting  cause  of 
disease,  his  first  task  will  be  to  detect  them  in  the  secretions  .or  natural 
fluids  by  means  of  the  appropriate  methods  for  staining  them. 

When  this  is  done,  it  remains  in  many  instances  to  discover  the 
micro-organisms  in  particular  situations,  cells  or  tissues,  so  as  to  exclude 
a  mere  misleading  coincidence. 

Further,  the  micro-organisms  are  to  be  cultivated  outside  the  system  ; 
so  that,  where  their  morphological  character  and  their  behaviour  to 
staining  substances  are  not  sufficiently  distinctive,  the  requisite  infer- 
ences may  be  drawn  from  their  mode  of  growth  and  development. 

Knally,  it  is  possible  by  experiments  upon  animals  to  settle  definitely 
whether  the  transmission  of  a  pure  cultivation  of  the  micro-organisms 
will  produce  symptoms  more  or  less  closely  resembling  those  attributed 
to  their  agency  in  man. 

The  staining  methods  at  our  disposal  and  tlie  perfection  of  our  optical 
mstruments  in  many  cases  render  the  detection  of  micro-organisms  easy 
but  their  cultivation  and  the  transferring  of  them  to  animals  is  often 
very  difficult.  Tiius  in  the  case  of  many  diseases,  micro-organisms  have 
been  discovered  under  such  circumstances  as  to  leave  no  doubt  that 
they  were  the  exciting  cause,  while  every  effort  towards  their  cultiva- 
tion and  transmission  to  animals  has  failed  of  success.  This,  however 
has  been  achieved  in  the  case  of  a  number  of  pathogenic  fun-i,  as  for 
instance,  tlie  bacilli  of  glanders,  anthrax,  tubercle,  cholera,  leprosy, 'and 
probably  of  typhoid  fever. 

It  is  no  longer  necessary  for  diagnosis  to  pursue  the  inquiry  in  every 
instance  through  its  entire  course  (detection,  cultivation,  and  transmis- 
sion to  animals);  but  in  some  diseases,  as  tuberculosis,  it  is  sufficient 
to  note  the  characteristic  effect  of  staining  substances.  In  others 
again  as  relapsing  fever  and,  occasionally,  anthrax),  a  simple  micro- 
scopical examination  will  serve,  without  the  application  of  stainincr 
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processes.    In  doubtful  cases  of  canthrax,  the  diagnosis  may  be  settled 
securely  by  the  direct  transmission  of  the  blood  to  animals. 

With  reference  to  Asiatic  cholera,  the  mere  detection  of  the  fungus 
in  the  stools  is  never  sufficient,  but  it  must  be  isolated  by  Koch's 
cultivation  methods,  when  it  will  be  recognised  by  its  mode  of  growth. 
With  the  progress  of  science  we  may  learn  to  know  a  definite  fungus 
as  the  cause  of  each  of  the  infectious  diseases;  but  even  then,  when 
all  the  conditions  indicated  above  have  been  complied  with,  our  labour 
will  not  have  ended.  It  will  remain  to  extend  our  acquaintance  with 
the  life-history  of  the  parasites,  so  as  to  determine  the  sources  of 
nitrogen  and  of  carbon  and  the  inorganic  salts  upon  which  they  depend 
for  their  growth.  It  is  only  when  this  is  done  that  a  secure  foundation 
will  be  laid  for  a  system  of  rational  therapeutics.^ 

A  short  account  will  be  given  here  of  the  methods  employed  in  such 
researches.  It  will  naturally  begin  with  a  description  of  the  apparatus, 
and  in  the  .first  place  of  the  microscope. 

I.-THE  MICROSCOPE. 

■  The  shape,  size,  and  adjuncts  of  the  body  or  stand  of  the  microscope 
itself  are  in  general  of  little  moment.  Habit  will  determine,  in  most 
cases,  whether  the  tube  used  shall  be  worked  by  a  screw  or  with  the 
hand.  .  For  the  examination  of  plate-cultivations,  however,  the  former 
will  be  chosen.  Neither  is  it  essential  that  the  stand  should  be  jointed, 
lut  it  is  absolutely  necessary  that  it  he  faultless  in  its  construction.  It 
must  also  ie  capable  of  adjustment  for  use  with  the  most  powerful  objectives; 
and  ivith  an  Abbe's  condenser  or  equivalent  arrangement. 

The  stage  must  be  sufficiently  large  and  firm,  and  the  opening  in  it 
as  large  a°s  possible,  so  that  a  plate-cultivation,  for  instance,  may  be 
inspected  easily  with  a  low  power. 

For  bacteriological  investigations,  as  has  been  already  -observed,  an 
AblDe's  or  other  condenser  adjusted  movably  to  the  microscope-stand 
is  needed.'  The  principle  of  such  an  instrument  is  this :  The  rays  of 
light  reflected  from  the  mirror  of  the  microscope  are  passed  through 
the  principal  axis  of  a  lens  interposed  between  the  mirror  and  the 
objective  in  such  a  direction  that  they  fall  upon  the  object,  which  thus 
receives  a  cone  of  light  as  highly  concentrated  as  possible.  If  narrow 
diaphracrms  be  introduced  between  the  mirror  and  the  collecting  lens, 
an  illumination  of  the  image  is  obtained  similar  to,  but  probably  some- 
what' more:  intense  than,  that  where  narrow  cylindrical  diaphragms  are 
used  .  The  edges  of  the  image  are  in  all  cases  well  defined,  even  in 
unstained  preparations,  and  such  a  condenser  may  be  employed  with 
advantage  for  histological  work.    If  the  diaphragms  be  removed  and 
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an  open-condenser  light  consequently  employed,  the  outlines  disappear 
and  become  entirely  undistinguishable  (Koch).-  Under  these  circum- 
stances nothing  else  can  be  distinctly  made  out  with  uncoloured  pre- 
parations. With  stained  preparations,  however,  it  is  far  otherwise, 
and  in  this  lies  the  valuable  application  of  tlie  open-condenser  light  as 
discovered  by  Koch.  The  outlines,  in  so  far  as  they  depend  for  their 
appearance  on  a  distinction  in  the  refractive  properties  of  the  object 
(corresponding  to  a  structural  difference  amongst  its  parts)  and  those 
portions  which  are  but  lightly  stained,  are  lost  to  view,  while  the 
deeply-stained  particles,  as  the  coloured  nuclei  of  cells  (granulations), 
and  especially  fungi  coloured  with  aniline  or  other  dyes,  become  more 
exquisitely  defined.  In  tliis  way  micro-organisms  may  readily  be  seen 
and  recognised,  even  when  very  sparsely  present  in  a  preparation.  TJie 
apparatus  is  indispensable  for  bacteriological  research* 

In  addition  to  a  suitable  stand  and  a  condenser,  good  objectives  are 
needed. 

First  a  weak  objective,  magnifying  about  60  to  80  diameters,  for  the 
inspection  of  plate-cultivations;  and  in  addition  it  is  very  advanta- 
geous to  have  a  good  powerful  dry  objective.  There  are  many  objects, 
as  fresh  blood,  fresh  milk,  or  fresh  pus,  for  the  examination  of  which 
immersion-lenses  are  not  suitable.  For  such  purposes  Zeiss's  lenses  F 
or  D,  or  Eeichert's  8a,  may  be  recommended.  With  these,  especially 
if  a  condenser  be  also  used,  many  bacteriological  preparations,  as  those 
of  tubercle-bacillus  from  the  sputum,  may  be  adequately  investigated. 
For  very  delicate  preparations,  and  in  particular  where  minute  details 
of  structure  are  to  be  made  out,  an  immersion-system  is  needed.  The 
water-immersion  systems,  formerly  much  in  use,  have  been  superseded 
of  late  by  the  oil-immersion  (homogeneous  immersion)  lenses  made  by 
Stephenson  and  Abbe  and  Zeiss,  which  are  to  be  preferred  on  account 
of  the  better  definition  and  clearness  of  the  image  which  they  produce. 
Instead  of  water,  there  is  interposed  between  the  front  lens  of  the 
objective  and  the  object  (cover-slip),  a  fluid  having  the  same  refractive 
index  as  glass.  For  this  purpose  a  mixture  of  fennel-  and  castor-oils 
may  be  used.  Eeichert  employed  with  his  lenses  a  mixture  of  vase- 
line and  olive-oil,  Avhich  has  the  advantage  of  being  odourless,  and  of 
penetrating  less  readily  within  the  lenses.  At  present  concentrated 
cedar-oil  is  most  in  use.  Such  a  system  has  the  further  advantage 
that  it  does  not  require  correction-collars  to  be  used,  as  do  dry  lenses, 
and  that  powerful  eye-pieces  may  be  employed  with  it.    It  is  very 

*  The  best  results  are  obtained  with  the  instruments  supplied  by  Ilartnack  (Pots- 
dam), Scibcrt  and  Krafft  (Wetzlar),  Lcitz  (Wetzlar),  and  especially  by  Zeiss  (of  Jena). 
C.  RcicJiert  of  Vienna  supplies  with  his  little  microscopes  IV.  and  V.  a  condenser 
which  is  very  suitable  for  clinical  purposes. 
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advantageous  also  to  place  a  drop  of  oil  on  the  under  surface  of  the 
slide  which  carries  the  object,  between  this  and  tlie  collecting  lens  of 
the  condenser. 


I'ici.  147.— Reichert's  Stand  No.  II. 6.,  with  dvaw-tuloe,  rack-and-piuion  fine  adjustment, 

and  Abbe's  condenser. 

Of  less  moment  is  the  choice  of  an  eye-piece.  In  general,  for  every 
form  of  investigation,  except  bacteriological  research,  eye-pieces  of  low 
magnifying  power  should  be  taken.    For  the  rest,  the  eye-pieces  II. 


THE  MICROSCOPE. 


375 


aud  Y.  as  supplied  l)y  the  firms  of  Reicliert  and  Zeiss  M'ill  serve  for 
all  cases.  The  periscopic  eye-pieces  of  Seibert  and  Krall't  are  very 
excellent.* 

An  objective  of  crown-  and  flint-glass  was  first  adopted  by  Dr.  Schott 
of  Jena.  It  is  an  admirable  contrivance,  and  has  become  indispensable 
for  many  purposes,  as  in  photograpliing  micro-organisms,  where  a  well- 
defined  achromatic  outline  is  required.  Zeiss  has  given  such  the  name 
of  apochromatic  objectives.    The  corresponding  compensation  eye-pieces 


Fig.  148.— Abbe's  Condenser,  as  made  by  Zeiss.    Natural  size,  side  view.    Sp.  mirror. 

should  be  used  with  them;  Their  chief  advantage  lies  in  the  fact  that 
they  give  a  clear  and  Avell-defined  image  with  eye-pieces  of  greater 
strength  than  could  formerly  be  used.     Apochromatic  objectives  of 

*  The  author  has  for  many  years  employed  an  instrument  made  by  Reichert,  and 
he  has  found  it  to  serve  well  in  every  kind  of  microscopical  work,  histological  and 
bacteriological.  Its  parts  are  as  follows :— Eye-piece.s  11.  and  IV.,  objectives  4,  Sa, 
and  oil-immersion  iV  ;  a  small  stand  with  condenser  (Abbe's)  and  cylinder-diaphrngm! 
Its  price  was  207  florins  without  the  oil-immersion,  which  cost  107  florins.  Very 
good  and  ine.\pensive  systems  of  lenses  are  also  made  by  Plossl  of  Vienna. 
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excellent  construction  are  supplied  by  Keichert.  The  images  of  the 
most  delicate  objects  obtained  with  Keichert's  homogeneous  immersion 
objective  of  2  mm.  focal  length,  and  even  with  the  working  eye-piece 
12,  are  clear  and  distinct  in  their  smallest  details.  There  is  one  dis- 
advantage attending  the  use  of  these  lenses.  They  need  a  finer 
adjustment  than  the  usual  mechanism  affords,  and  the  image  becomes 
indistinct  with  the  slightest  movement  of  the  instrument.    It  lias  then 


Fig.  149.— Abbe's  Condenser  as  above,  showing  the  collecting  system  of  lenses. 
d.  Iris  diaphragm. 


to  be  focussed  anew.  This  defect  is  apt  to  produce  misleading  appear- 
ances, and  it  must  be  admitted  that  the  otherwise  excellent  apochro- 
matic  objectives  supplied  by  Zeiss  are  so  far  in  need  of  improvement. 

[For  bacteriological  work,  it  is  convenient  to  have  a  microscope  with 
a  stand  to  which  an  Abbe's  condenser  can  be  fixed  under  the  stage. 
Fig.  147  shows  a  convenient  form  made  by  Eeichert  of  Vienna.  Other 
makers  furnish  somewhat  similar  stands.  Abbe's  condenser  is  placed 
under  the  stage,  and  the  tube  of  the  microscope  is  provided  with  a 
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'■  revolver "  or  "  nose-piece,"  to  which  lenses  of  different  magnifying 
powers  are  fixed. 

In  an  Abbe's  condenser  (fig.  148)  the  illuminating  apparatus  is  a 
condenser  system  of  very  short  focus  (the  section  of  the  lenses  is  shown 
in  fig.  149),  which  collects  the  light  reflected  by  the  mirror  (Sp) — the 
plane  side  of  the  mirror  being  used— into  a  cone  of  rays  of  very  large 
aperture,  and  projects  it  on  tlie  object.  For  ordinary  work  the  cone 
of  light  is  reduced  by  means  of  diaphragms,  the  most  convenient  form 
being  that  known  as  the  "iris  diaphragm,"  which  can  be  adjusted  to 
any  size  (fig.  149,  d).  Oblique  illumination  can  be  obtained  by  placing 
the  diaphragm  eccentricallj',  which  is  done  by  means  of  the  rack-and- 
pinion  movement  (e). 

"When  very  exact  definition  is  required,  apochromatic  lenses  are 
employed.  They  are  expensive,  but  the  objectives  are  so  constructed 
as  to  secure  the  union  of  three  different  colours  of  the  spectrum  in  one 
point  of  the  axis.  The  images  projected  by  them  are  nearly  equally 
sharp  with  all  the  colours  of  the  spectrum.  As  there  is  very  great 
concentration  of  light  by  these  objectives,  they  permit  of  the  use  of 
very  powerful  eye-pieces,  thus  giving  high  magnifying  power  with  rela- 
tively long  focal  length.  A  series  of  compensating  oculars  are  used 
with  these  lenses.  The  eye-pieces  of  extremely  low  power  are  called 
"searchers,"  while  the  ordinary  or  Avorking  eye-pieces,  beginning  with 
a  magnifying  power  of  4,  are  classified  as  4,  8,  12,  18,  and  27.  ''with 
these  eye-pieces  great  magnifying  power  is  obtained,  partly  by  the  lens, 
but  also  by  the  ocular  used.] 


II.  THE  DETECTION  OF  MICRO-ORGANISMS. 

In  many  cases  the  object  to  be  examined  may  be  placed  under  the 
microscope  without  preparation  of  any  sort.  The  characteristic  micro- 
organisms will  then  become  visible.  This  is  so  with  the  spirillum  of 
relapsing  fever,  anthrax-bacilli  in  the  blood,  &c.  For  the  most  part, 
however,  special  processes  are  necessary  for  the  detection  of  micro- 
organisms. The  details  of  some  of  the  processes  for  the  prepara- 
tion of  specimens  have  been  gone  into  in  the  chapters  on  the  Blood, 
Sputum,  &c.,  which  the  reader  will  consult  for  information  concerning 
them.  ° 

It  will  not  be  out  of  place  if  we  give  here  a  brief  summary  of  the 
methods  m  use,  and  point  out  the  particular  purposes  to  which  each  is 
app  icable.  The  principles  upon  which  all  of  them  are  based  were 
worked  out  by  M,  Ehrlich,  and  Weigert ;  and  almost  every  day  some 
new  process  or  a  modification  of  the  old  familiar  methods  is  made 
known.    It  would  far  exceed  the  limits  of  this  book  to  attempt  an 
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account  of  all  the  methods  which  have  been  suggested,  and  the  various 
modes  of  applying  them.  We  shall  confine  ourselves  to  what  has 
appeared  in  the  more  important  and  systematic  essays  dealing  with  the 
subject.  Those  of  Giinther'-^  and  Unna,"^  especially  the  latter,  com- 
prise an  accurate  and  exhaustive  account  of  the  methods  for  staining 
fungi.  Particularly  good  results  in  the  staining  of  micro-organisms  in 
sections,  which,  however,  lies  beyond  our  province,  have  been  obtained 
with  KiiJino's  ^  processes.  They  have  been  tested  by  Rille,  a  pupil  of 
the  author,  and  have  been  found  most  valuable  for  dry  cover-glass 
preparations  as  well.  The  methylene-blue  method «  and  Kuhne's' 
modification  of  Gram's  method  (staining  with  alcoholic  solution  of 
Victoria-blue)  are  very  serviceable  in  the  examination  both  of  sections 
and  of  the  secretions. 

In  the  examination  of  the  blood  and  secretions  for  pathogenic  micro- 
organisms it  is  in  general  best  to  proceed  with  the  use  of  basic  aniline 
dyes  as  described  at  p.  40.  Should  it  happen  that  no  result  is  obtained 
in  this  way,  greater  certainty  may  be  secured  with  Luffler^s  method 
(p.  41),  which  is  especially  suitable  for  detecting  the  bacilli  of  typhoid 
fever  and  glanders,  and,  finally,  with  Gram's  method  (p.  41).  All  the 
fungi  hitherto  discovered  stain  with  this,  except  the  bacilli  of  typhoid 
and  cholera,  and  gonococci.  The  bacillus  of  hen-cholera  is  also  un- 
affected by  it. 

Giinther's  method  (p.  45),  is  very  serviceable  for  staining  the  spirillum 
of  relapsing  fever.  The  investigation  of  the  blood  and  secretions  for 
tubercle-bacillus  should  be  carried  out  precisely  in  the  manner  laid  down 
by  Koch  and  Wirlich  105).  Staining  with  basic  aniline  dyes  serves  , 
well  for  the  detection  of  fungi  in  the  buccal  cavity,  the  nasal  secretion, 
and  the  gastric  contents  ;  but  for  examining  the  buccal  secretion  Gram's 
or  Giinther's  method  may  also  be  adopted  with  advantage,  since  they 
render  visible  the  very  delicate  Spirocbsete  buccalis  (p.  81)  and  capsulo- 
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In  searching  for  the  fungi  of  the  alimentary  canal,  pathogenic  and  non- 
pathogenic, all  the  processes  hitherto  mentioned  should  be  employed  , 
where  a  thorough  investigation  is  aimed  at,  and  the  observer  should  not 
forget  to  add  a  little  iodo-potassic-iodide  solution  to  a  drop  of  the  fluid 
under  examination  (see  p.  171). 

In  examining  the  urine,  the  best  results  are  secured  with  Gram's  or 
Friedlander's  m'ethod  (p.  108).  By  their  aid  the  author  has  detected  in 
various  specimens  of  urine  from  persons  both  in  health  and  disease  an 
unexpected  profusion  of  different  forms  of  fission-fungi. 

The  micro-organisms  which  occur  in  pus  stain  most  readily  with  Gram's 
method,  or  its  modification  already  referred  to  (Victoria-blue).  Lbffler's 
and  rriedlander's  methods  are  applicable  to  the  same  purpose. 
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To  staiu  the  spores  of  micro-organisiiis  a  i^reparation  is  made  in  the 
manner  indicated  at  p.  40,  but  exposed  for  a  longer  time  to  the  heat. 
It  may  be  passed  through  the  flame  about  ten  times  {Huej)pe).'^  When 
this  is  done  the  bacilli  lose  their  staining  properties,  whilst  the  spherical 
objects,  if  they  consist  of  spores,  take  up  colouring-matter.  It  is  still 
better  to  employ  the  process  of  double  staining.  The  preparation  is  first 
stained  in  a  hot  Ziehl-jSTeelsen  fuchsin  solution,  then  decolorised  with 
nitric  acid,  and  again  stained  with  methylene-blue.  The  spores  then 
appear  red  and  the  bacilli  blue.^ 

Special  processes  have  been  devised  for  the  purpose  of  defining  the 
flagella  which  some  bacteria  present.    These  have  been  worked  out  by 
Luffler,  Kiinstler,  Neuhaus,  and  Trenhnan}^     As  a  mordant  Lqffier 
employs  a  fluid  composed  as  follows :  solution  of  tannin  (tannic  acid  20 
parts,  water  80  parts)  10  cc.  ;  a  cold  saturated  solution  of  ferric  sulphate, 
5  cc;  watery  or  alcoholic  solution  of  fuchsin,  methyl-violet  or  wool- 
black,  I  cc.    The  staining-fluid  is  neutral  saturated  anilin-water-fuchsin 
solution.    The  method  of  proceeding  will  be  described  here.    The  cover- 
glasses  are  heated  with  concentrated  sulphuric  acid,  washed  with  water 
and  then  with  a  mixture  of  alcohol  and  ammonia  in  equal  parts,  and 
afterwards  polished  with  a  cloth  which  should  be  free  from  grease. 
They  are  then  brought  in  contact  with  a  platinum  needle  carryin-r  a 
particle  of  the  pure  cultivation,  and  the  latter  is  spread  out  finely  Tnd 
divided  upon  their  surface,  after  which  they  are  allowed  to  dry  in  the 
air.    They  are  next  grasped  between  the  fore-finger  and  thumb  of  the 
observer  and  passed  through  the  flame  of  a  lamp.     A  drop  of  the 
mordant  is  now  supplied  to  the  preparation,  the  cover-glass  is  again 
warmed,  and  after  a  minute  the  preparation  is  rinsed  first  with  water 
and  then  with  alcohol.    A  drop  of  the  staining  fluid  is  next  added,  and 
the  preparation  is  heated  and  washed  with  water  as  before. 

III.  CULTIVATION  OF  MICRO-ORGANISMS. 

A.  Methods  of  Sterilisation.— When  the  presence  of  micro- 
organisms has  been  ascertained  with  certainty  by  the  processes  described 
above,  the  next  task  is  to  secure  their  development  outside  the  system 
m  other  words,  to  cultivate  them.  To  this  end  the  first  requisite  i.I 
the  means  of  sterilisation.  The  essential  condition  that  must  he  secured 
m  all  such  cultivation  researches  is  the  absolute  freedom  of  the  instrumerit.-^ 
and  vessels  employed  from  fungi  and  gemns  capable  of  development. 

In  the  case  of  metallic  instruments,  the  necessary  cleanliness  may  be 
attained  best  and  most  readily  by  raising  them  to  a  red  heat  in  the 
flame  of  a  Bunsen's  burner.    Glass  vessels,  such  as  test-tubes,  flasks 
&c.,  should  be  purified  as  far  as  possible  by  washing  first  with  distilled 
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water,  then  Avitli  corrosive  sublimate  solution  (i  :  1000),  and  rinsing 
out  with  alcohol  and  £ethcr,  after  which  they  may  be  sterilised  in  a  dry 
heat.  This  can  be  done  best  by  a  sterilising  apparatus  for  temperatures 
over  200°  C.  ;  but  if  such  an  apparatus  cannot  be  had,  it  may  also  be 
done  by  heating  the  vessels  cautiously  over  the  flame  of  a  Bunsen's 
burner.  In  the  latter  case  they  should  first  be  carefully  dried,  in  order 
to  prevent  the  glass  from  cracking,  and  the  mouth  of  each  should  be 
closed  with  a  compact  plug  of  sterilised  cotton-wool  before  heat  is 
applied. 

It  is  very  important  to  heat  the  sterilised  vessel  again  immediately 
before  using  it,  having  previously  ascertained  that  the  plug  is  at  once 
sufficiently  compact  and  easily  extracted. 

The  plug  may  be  made  of  fine  glass-fibre,  or,  still  better,  of  asbestos,  instead 
of  cotton-wool. 

Test-tubes  which  are  to  be  held  in  readiness  for  use  are  purified  in  the 
manner  described,  fitted  with  a  plug,  and  then  placed  in  wire  baskets, 
and  sterilised  in  a  dry  heat. 

The  sterilisation  of  the  iiutrient  fluids  presently  to  be  mentioned 
may  be  efi-ected  by  boiling  them  in  glass  flasks  furnished  with  a  plug 
of  cotton-wool  in  those  cases  where  the  constitution  of  the.  fluid  is  not 
altered  by  heat.  To  sterilise  nutrient  gelatine  and  agar-agar  solution 
(see  p.  383),  these  substances  are  repeatedly  boiled  in  the  vapoiu  steri- 
lisation apparatus.  Too  frequent,  and  especially  too  continued,  boiling 
should  be  avoided. in  the  case  of  these  two  substances,  lest  they  should 
remain  fluid  after  cooling. 

When  potatoes  are  employed  as  the  nutrient  substance,  they  are  first 
freed  from  sand  with  a  brush,  placed  for  an  hour  in  a  5  per  cent,  corrosive 
sublimate  solution,  finally  sterilised  (boiled)  by  steam  at  boilmg-point, 
and  cut  into  strips  with  a  sterilised  knife.  Where  the  vapour  steri- 
lisation apparatus  devised  by  Koch  cannot  be  had,  a  Papin's  digester 
with  a  perforated  tray  will  serve.  It  is  more  difficult  to  sterilise  those 
nutrient  substances  that  will  not  bear  a  heat  of  100°  C.  without  then- 
parts  coagulating  and  so  becoming  opaque.  In  their  case,  Koch  recom- 
mends that  they  should  be  sterilised  by  intermittent  heating,  ihis 
plan  is  especially  useful  for  the  purpose  of  freeing  blood-serum  from 

fungi  and  germs.  x  i,    „  ti^o 

To  prepare  sterilised  blood-serum,  Koch  proceeds  as  follows  .-The 
part  of  the  animal's  skin  through  which  the  blood  is  to  be  taken_  is 
shaved,  and  thoroughly  cleansed  by  washing  it  with  solution  of  corrosive 
sublimate,  alcohol,  and  ..ther.    The  underlying  /./^  ^ 

exposed,  and  opened  with  sterilised  instruments.  The  ^ood  hen 
^lide  to  flow  directly  from  the  artery  into  a  sterilised  glass  cylinder, 
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which  is  filled  to  the  brim  and  placed  in  a  refrigerator  or  upon  ice  for 
twenty-four  to  forty-eight  hours,  so  as  to  allow  the  corpuscles  to  settle. 
The  clear  amber-coloured  serum  that  has  separated  after  twenty-four 
hours  is  drawn  off  in  sterilised  pipettes  and  placed  in  test-tubes  pre- 
viously sterilised  in  the  manner  already  indicated.  These  are  heated 
to  58°  C.  for  two  to  six  hour?,  and  finally  the  serum  is  made  to 
coagulate  by  heating  it  to  65°-68°  C. 

With  a  view  to  obtaining  the  largest  possible  inoculation  surface, 
it  is  desirable  to  procure  the  coagulation  of  the  fluid  in  the  test-tube 
with  its  surface  inclined  very  obliquely  to  the  latter.    This  end  may 
be  attained  by  using  a  tin  vessel  with  double  walls  between  which  water 
may  be  retained,  covered  on  top  with  a  plate  of  glass,  and  having  at 
its  anterior  end  two  movable  feet  which  can  be  fixed  by  screws.  Or 
instead  of  this  the  test-tube  may  be  fixed  by  a  clamp  at  an  oblique 
angle  in  a  pot  filled  with  water.    For  many  purposes,  and  especially  for 
the  cultivation  of  the  pathogenic  fungi  occurring  in  man,  human  blood- 
serum  should  be  employed.    To  procure  human  serum  the  author  has 
adopted  the  following  plan  : — The  skin  is  first  thoroughly  cleansed  in  the 
manner  already  described,  and  a  puncture  is  made  in  it  with  a  cupping- 
blade  previously  sterilised  by  exposure  to  a  heat  of  200°  C.    The  blood 
is  taken  in  a  cupping-glass  similarly  sterilised,  and  poured  into  small 
test-tubes  also  sterilised.    The  remainder  of  the  process  is  carried  out  as 
before.    Human  serum  has  proved,  in  the  author's  experience,  to  possess 
notable  advantages  over  that  of  animals.    It  remains  clearer  after  coagu- 
lation, and  is  .firmer.    Where  human  blood-serum  cannot  be  had,  transu- 
dation fluid  or  serous  exudation  may  be  taken  instead.    In  that  case  it 
is  prepared  in  the  same  way  as  the  former.    A  very  useful  modification 
of  the  process  for  the  preparation  of  blood-serum  and  of  blood-serum 
plates  has  been  devised  by  C/jma."    To  the  blood-serum  of  the  calf, 
pero.dde .  of  hydrogen  is  added  drop  by  drop,  until  the  mixture,  which 
was  at  first  a  brownish-yellow,  becomes  clear.     For  this  purpose,  a 
quantity  equal  to  about  half  the  volume  of  the  serum  will  be  required. 
The  mixture  is  neutralised  with  a  2  per  cent,  solution  of  sodium  car- 
bonate and  passed  through  a  wet  filter  packed  to  one-fourth  of  its  depth 
with  well-calcined  diatomaceous  (Kieselguhr)  earth.    The  fluid  which 
first  passes  through  is  usually  turbid,  and  must  be  refiltered ;  and, 
finally,  the  clear  filtrate  is  sterilised  in  the  usual  manner.    For  making 
plate-cultivations  Unna   recommends   the  admixture  of  lo  per  cent, 
gelatine  or  6  per  cent,  agar-agar. 

B.  Nutrient  Substances.— By  the  methods  described  at  p.  378 
we  are  enabled  to  detect  micro-organisms ;  and  the  measures  that  must 
be  taken  to  render  the  fluids  and  nutrient  substances  as  well  as  the  instru- 
ments employed  in  research  free  from  fungi  have  also  been  indicated. 
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It  does  not  suffice  to  place  a  fungus  or  the  germs  of  fungi  at  random 
in  solid  or  fluid  nutrient  substance  duly  sterilised  in  order  to  ensure 
their  successful  cultivation  ;  but  there  is  for  each  of  the  pathogenic 
and  non-pathogenic  fungi  an  appropriate  soil,  which  differs  widely  in 
its  chemical  constitution  in  different  cases.  The  researches  of  Pasteur  12 
in  connection  with  yeasts,  of  NdgeW^^  and  Buchner'^*  with  bacteria  and 
moulds,  of  A.  Schulfz  with  moulds,  of  the  author  1°  with  the  Micro- 
coccus ursea,  and  of  Huejipe  with  the  lactic  acid  bacillus,  have  shown 
that,  in  addition  to  a  supply  of  nitrogen  and  carbon,  each  fungus 
requires  certain  inorganic  salts  for  its  growth.  And  further,  there  is 
in  each  case  some  particular  temperature  at  which  the  fungus  thrives 
best  (optimum  temperature). 

It  is  only  when  all  these  conditions  have  been  secured  that  cultiva- 
tions can  be  made  successfully. 

To  draw  unequivocal  conclusions  from  researches  of  this  sort,  it  is 
above  all  necessary  to  apply  Koch's  process,  presently  to  be  described, 
for  obtaining  pure  cultivations  of  the  fungus  which  is  being  investigated, 
and  to  implant  these  upon  solid  or  fluid  nutrient  substances. 

1.  Nutrient  Fluids. — The  use  of  fluids  as  nutrient  substances 
entails  uncertainty  in  the  result,  since  the  microscope  cannot  be  em- 
])loyed  to  examine  them.  Still  it  is  not  difficult  to  obtain  a  pure 
cultivation  in  a  fluid  if  it  be  sterilised,  and  if  a  cultivation  known  to 
be  pure  be  planted  in  it. 

The  process  is  then  the  same  as  for  the  preparation  of  pure  cultiva- 
tions by  Koch's  method,  Avhich  will  be  described  presently. 

The  composition  of  the  nutrient  fluid  must  vary  with  the  nature  of 
the  fungus  to  be  cultivated. 

Thus  yeasts  grow  best  in  a  somewhat  acid  saccharine  fluid.  Moulds 
require  a  medium  holding  free  acids  in  considerable  quantitj'.  Feebly 
alkaline  fluids  are  the  best  for  certain  non-pathogenic  bacteria.  Fluids 
of  definite  constitution  for  the  cultivation  of  bacteria— as  those  of 
Pasteur,  Cohn,  and  the  author— agree  in  that  they  all  contain  nitro- 
crenous  and  carbonaceous  matter  and  inorganic  salts. 

Although  it  is  true  that  by  cultivation  in  nutrient  fluids  much  useful 
information  has  been  obtained  concerning  the  life-history  of  some  of 
the  fission-fungi,  the  method  is  not  employed  for  the  investigation  of 
pathogenic  micro-organisms,  partly  because,  as  has  been  said  already, 
there  llways  remains  some  doubt  as  to  whether  the  cultivations  obtained 
with  them  are  in  reality  pure  cultivations,  and  partly  because  it  would' 
seem  that  pathogenic  fungi  thrive  badly  in  fluids.  The  author  has  en- 
deavoured, without  success,  to  obtain  pure  cultivations  of  pneumonia-cocci, 
Streptococcus  pyogenes  aureus,  and  other  pathogenic  micro-organisms,  on 
sterilised  nutrient  fluids  of  the  most  varied  constitution. 
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Control  experiments  have  provocT  tliat  non-patliogenic  fungi  developed  readily 
in  such  nutrient  lluids,  while  the  same  fluids,  maintained  under  like  conditions, 
when  infected  with  iiathogenic  fungi  remained  sterile.-'* 

2.  Solid  Nutrient  Substances.— As  in  the  case  of  imti  iuit  fluids, 

the  chemical  constitution  of  solid  nutrient  substances  will  vary  greatly 
according  to  the  biological  character  of  the  fungus  under  cultivation. 

1.  Blood-Serum.— The  blood-serum  of  animals  is  required  for  certain 
pathogenic  fungi,  e.g.,  tubercle-bacillus;  gonococci  are  cultivated  in 
liuman  serum.  The  method  of  preparation  has  been  suflSciently  de- 
scribed. 

2.  R.  Koch's  Nutrient  Gelatine.— This  is  prepared  in  the  following 
manner  1—500  grms.  of  good  meat,  free  from  fat  and  freshly  minced° 
is  rubbed  up  Avith  1000  grms.  of  distilled  water  and  placed  for  twenty- 
four  hours  in  a  refrigerator.  It  is  then  strained  through  linen,  the 
resulting  fluid  made  up  to  1000  cc,  and  10  grms.  of  dry  peptone  5 
grms.  of  common  salt,  and  100  grms.  of  white  edible  gelatine  are  added 
The  fluid  is  heated  in  a  flask  until  the  gelatine  is  dissolved.  It  is  then 
accurately  neutralised  with  sodium  carbonate,  and  boiled  for  half  an 
hour  to  an  hour,  when  a  specimen  is  tested  for  its  reaction;  after  tliis 
the  fluid  IS  filtered  through  a  hot-water  funnel  and  poured  into  test 
tubes  stenhsed  in  the  manner  directed  (see  p.  379),  and  sterilised  for 
ten  minutes  a  day  for  three  days. 

The  test-tubes  may  now  be  kept  for  weeks  or  months  at  the  ordinary 
temperature  before  they  are  used;  but  when  this  is  done,  an  india- 
rubber  cap  should  be  placed  over  each  above  the  plug  of  cotton-wool 
to  prevent  evaporation  from  the  gelatine.    Keeping  the  nutrient  gelatine 
thus  for  a  long  time  in  the  test-tubes  lias  this  advantage,  that  when 

hrough  an  accident  in  its  preparation  germs  have  obtained  admission 

0  the  fluid,  the  resulting  cultivations  are  made  evident  by  cloudin..  in 
the  gela  me,  which  will  not  then  be  employed  for  cultivation  research 
Kochs  nutrient  gelatine,  which  may  be  modified  at  will  by  the  addi- 

ion  0  organic  or  inorganic  substances,  will  serve  for  the  cultivation  of 
all  pathogenic  and  non-pathogenic  fungi  which  grow  at  the  ordinary 

ernperature  of  a  room.  It  cannot  be  used  at  higher  temperatures  Z 
25  -30  C.  which  cause  it  to  melt,  and  for  micro-organisms  which 
liquefy  gelatine  rapidly.  °  ^ 

3.  Agar-Agar.-In  many  investigations,  especially  for  func^i  which 
require  a  temperature  not  lower  than  blood-heat  to  develop  v  or 

t:^T^\f^ ''---^^"^    -ed  with  idi: 

instead  of  gelatine  as  a  nutrient  substance.    It  is  prepared  in  the  s.me 
way  as  nutrjent  gelatine  fluid,  only  that  instead  o^  gllatin  .T-.Te 

IS  difficult  to  prepare  a  perfectly  pure  and  clear  agar-agar  solution  in 
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this  way,  and  that  substance,  even  when  added  in  small  particles,  filters 
badly  through  the  hot-water  funnel.  Scliottelius^'^  and  Richter,'^"  how- 
ever, have  modified  the  process  in  such  a  manner  that  a  clear  nutrient 
agar-agar  may  be  easily  obtained. 

4.  Potato.— Enough  has  been  said  about  the  sterilisation  of  potatoes 
employed  for  nutrient  material  (p.  380).  Their  use  is  of  great  service 
in  studying  pathogenic  fungi,  many  of  which  develop  on  potato  in  a 
highly  characteristic  manner  (see  pp.  176,  354)- 

Starch  to  which  suitable  nutrient  salts  have  been  added  forms  a  solid 
nutrient  substance,  whicli  is  very  useful  and  easily  sterilised.  Together 
with  gluten  and  bread  it  is  especially  good  for  the  cultivation  of  moulds. 
For  the  latter  also  boiled  blood  clots  may  be  employed  with  advantage.21 
Both  starch  and  blood  may  be  easily  and  effectually  sterilised  by  a  current 
of  steam. 

Eecent  investigators  have  in  many  instances  somewhat  modified  the 
constitution  of,  and  the  method .  of  preparing,  nutrient  substances. 
Thus  the  addition  of  glycerine  to  peptone  gelatine  or  agar-agar  has  been 
tried  successfully.  All  the  modifications  suggested  cannot  be  noticed 
here.  The  use  of  stained  nutrient  solids  and  fluids,  however,  demands 
notice. 

According  to  Birch-Hirschfelci;-'-  living  anthrax-bacilli  can  be  procured 
stained  by  inoculating  from  a  pure  cultivation  of  the  fungus  upon  15  per 
cent,  nutrient  gelatine  which  contains  in  6  cc.  i  cc.  of  a  watery  solution 
of  fuchsin  or  methylene-blue.  The  cultivation  should  remain  for  twenty- 
eight  hours  at  3  5  "-40°  C.-^ 

In  the  cultivation  of  the  bacillus  of  typhoid  fever  also,  stamed  (benzo- 
purpurin)  nutrient  substances  are  useful. 

The  application  of  this  principle,  as  by  the  addition  of  neutral  tincture 
of  litmus,2*  or  other  substances,  to  show  the  formation  of  free  acid  or 
acid  salts,  has  thrown  much  light  upon  the  nature  of  pathogenic  and 
non-pathogenic  fungi.  The  addition  of  a  little  watery  solution  of 
Con"0-red  or  benzo-purpurin  to  nutrient  substances  has  proved,  in  the 
author's  hands,  a  valuable  expedient  in  the  study  of  the  biological 
character  of  micro-organisms.  If  the  material  examined  contains  acid- 
formin-  fungi,  the  cultivations  upon  stained  nutrient  soil  take  a  colour 
ranain  °  from  a  pale  to  a  blackish  blue,  and  their  presence  is  discernible 
with  the  naked  eye.  The  method  is  particularly  appropriate  for  he 
study  of  micro-organisms  from  the  intestine  under  normal  and  patho- 
loo-ical  conditions.  .  » 1 

C.  Preparation  of  Koch's  Pure  Cultivations  -Although 

ZZefe25  and  Brefeld^'  had  already  suggested,  and  themselves  adopted 
the  use  of  solid  nutrient  substances  for  the  investigation  of  fungi,  it 
Koch  who  grasped  the  significance  of  these  methods,  and,  by  sub- 
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mitting  tlie  cultivations  in  fluid  and  solid  media  to  tlio  control  of  the 
microscope,  laid  the  foundation  of  modern  bacteriology. 

To  this  observer  we  owe  not  only  the  knowledge  of  many  funda- 
mental facts  in  bacteriology,  such  as  result  from  tlie  discovery  of  the 
bacillus  of  tubercle  and  of  cholera,  but  nearly  all  the  cultivation  and 
staining  methods  in  use  are  derived  from  his  researches  and  those  of 
his  pupils. 

The  methods  now  to  be  described  have  for  their  object  as  far  as 
jjossible  to  separate  the  individual  germs  from  a  mass  of  fungi,  and  to 
promote  their  development  apart  from  one  another  in  solidifying  fluids. 
This  may  be  done  by  Koch's  processes  for  obtaining  plate-cultivations 
on  glass  slides  and  test-tube  cultivations.  It  is  usually  expedient  to 
make  plate  and  test-tube  (deep  inoculation)  cultivations  together. 

1.  Plate-Cultivations. — A  test-tube,  in  which  from  5-8  cc.  of  solidified 
nutrient  gelatine  has  been  placed  as  directed  above,  is  put  into  warm 
water,  and  allowed  to  remain  there  until  the  gelatine  is  quite  fluid. 
Care  is  now  taken  that  the  plug  in  the  mouth  of  the  test-tube  is  freely 
movable  by  rotating  it  a  little  if  necessary.    The  test-tube  is  held 
obliquely  between  the  thumb  and  index-finger  of  the  left  hand,  the 
plug  with  the  upper  end  between  the  second  and  third  fingers  (Koch's 
"grasp")     A  little  of  the  fungoid  material  is  taken  with  a  freshly- 
sterilised  platinum  needle,  and  placed  on  the  gelatine,  so  as  first  to 
touch  its  edge  and  then  to  mix  with  the  fluid.    In  doing  this,  draughts 
of  air  must  be  excluded  from  the  room.    In  the  same  way  one  or  more 
drops  of  this  first  dilution  are  placed  in  nutrient  gelatine  in  another 
test-tube  (second  dilution),  and  if  a  provisional  inspection  has  shown 
that  the  fluid  under  examination  is  very  rich  in  fungi,  the  process  is 
repeated  again  (third  dilution).    It  may  then  be  assumed  that  the 
germs  in  the  nutrient  gelatine  are  actually  isolated.    The  infected 
gelatine  is  next  poured  out  on  to  glass  plates  about  14  cm.  in  length 
and  12  cm.  broad,  and  caused  to  solidify  quickly.    This  may  be  done  in 
a  few  minutes  by  the  application  of  cold.    The  glass  plates  are  prepared 
in  the  following  manner:  — They  are  first  thoroughly  cleansed  Avith 
M'ater,  solution  of  corrosive  sublimate,  and  alcohol,  and  placed  immedi- 
ately before  use  in  iron  cages  in  the  steriliser,  where  they  are  heated 
for  a  long  time  at  ioo°-i5o°  C.    They  are  taken  out  when  cool,  and 
laid  upon  a  large  sheet  of  plate-glass  made  cold  with  ice.    This  should 
have  a  polished,  even  surface,  and  must  also  be  accurately  level 
when  used,  an  end  best  attained  by  mounting  it  on  a  tripod  stand 
with  a  spirit-level  visible  beneath  the  glass.    Such  an  accessory,  how- 
ever, is  not  essential,  and  it  may  be  dispensed  with  if  a  little  care 
be  taken. 

Kecently  the  use  of  the  glass  plate  cooled  on  ice  has  been  supplanted 
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in  many  laboratories  by  that  of  a  polished  plate  of  iron  about  20  cm.  in 
diameter  and  8  cm.  thick,  which  is  carefully  sterilised  beforehand.  This 
is  placed  upon  the  tripod  and  adjusted  with  the  spirit-level.  An  iron 
plate  was  first  employed  in  Lichtheim's  laboratory  at  Berne,  and  it  is 
very  suitable  to  the  purpose  in  hand,  because  with  it  nutrient  fluids 
solidify  very  quickly.  In  warm  weather,  as  in  the  summer,  the  iron 
plate  must  be  previously  cooled  on  ice,  but  ordinarily  this  precaution 
is  unnecessary.  The  author  has  employed  such  a  plate  exclusively  in 
his  bacteriological  work  during  the  last  four  years,  and  found  it  most 
.serviceable. 

The  nutrient  gelatine  is  poured  upon  the  plates  in  the  following 
manner :— The  small  glass  plates  upon  which  nutrient  gelatine  is  to  be 
spread  are  laid  upon  the  glass  plate  made  cold  with  ice  or  on  the  iron 
plate,  and  that  edge  of  the  test-tube  over  which  the  gelatine  is  to  flow 
is  heated.  When  the  edge  has  cooled,  the  gelatine  is  poured  here  and 
there  over  the  cold  surface  of  the  plates,  and  spread  out  upon  them  as 
evenly  as  possible  by  means  of  the  sterilised  edge  of  the  test-tube,  care 
being  taken  that  the  edges  of  the  plates  are  left  free.  The  plates  are 
then°  covered  with  a  bell-glass.  When  solidification  is  complete,  they 
are  placed  on  sterilised  wet  blotting-paper  in  a  glass  dish  of  about  30 
cm.  diameter,  which  has  been  previously  well  purified  with  corrosive 
sublimate,  and  another  bell-glass  is  put  over  them. 

In  order  to  obtain  the  sterilised  and  wet  blotting-paper,  a  jet  of  super-heated 
steam  is  directed  upon  the  filter-paper  in  the  bottom  of  the  glass  dish  for  from 
eight  to  ten  minutes.  In  this  way,  the  bell-jar  as  well  as  the  filter-paper  are 
steriHsed,  and  the  latter  is  saturated  with  sterilised  vapour. 

In  such  a  vessel  six  plates,  or  even  more,  can  be  put,  with  a  glass 
partition  between  each  pair. 

Instead  of  plates,  E.  Esmarcli^'^  has  recently  employed  tesUubes, 
which  will  serve  for  many  of  the  purposes  of  plate-cultivations.  With 
these  the  process  is  as  follows.    Some  of  the  fungoid  material  is  placed 
in  the  fluid  nutrient  gelatine  in  the  test-tube  in  the  manner  already 
described,  and  mixed  with  it  as  intimately  as  possible.    The  test-tube, 
covered  with  an  india-rubber  cap  above  the  plug  of  cotton-wool,  is  then 
held  as  vertically  as  possible,  and  with  the  sterilised  plug  and  cap 
directed  somewhat  upwards,  under  a  stream  of  cold  water,  and  in  this 
position  is  made  to  rotate  upon  its  long  axis.    After  a  little  while  the 
nutrient  gelatine  has  solidified  in  the  cylindrical  form  of  the  tesUube. 
This  process  has  considerable  advantages.    Cultivations  so  made  can  be 
inspected  not  only  with  weak  (Reichert  IV.),  but  also  with  powerful 
obiectives;  they  are  less  likely  to  be  contaminated;  individual  cultiva- 
tions may  be  removed  with  a  little  care  even  under  the  microscope,  and 
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less  annoyance  is  apt  to  arise  from  the  unpleasant  odour  which  the 
cultivations  often  give  rise  to  tlian  is  the  case  when  plates  are  used. 
To  these  the  name  of  cylinder-cultivations  may  be  appropriately  given. 
On  a  plate  or  in  a  test-tube  so  prepared,  after  a  longer  or  a  shorter 
interval,  there  appear  little  punctiform  colonies,  Avliich  are  already 
sufficiently  distinguishable  from  one  another,  and  at  the  same  time  the 
gelatine  is  often  partly  liquefied  and  gives  off  a  disagreeable  smell.  If 
now  a  minute  particle  be  taken  from  each  of  the  colonies  by  means  of 
a  sterilised  platinum  needle  and  submitted  to  the  same  process  over 
again,  pure  cultivations  will  be  had  of  all  the  fungi  which  develop  in 
nutrient  gelatine. 

At  the  same  time,  by  placing  the  entire  plate  under  tlie  microscope 
and  examining  it,  it  will  be  possible  to  study  the  mode  of  growth  of 
the  fungi,  and  also  to  determine  whether  in  any  given  case  the  cul- 
tivations are  pure  or  contaminated  by  admixture  with  other  fun^i. 
Certain  distinctions  in  the  shape  and  colour  of  the  cultivations  can 
also  be  recognised  with  the  naked  eye,  and  by  removing  a  particle  on 
a  platinum  needle  from  au  individual  developing  cultivation  under  the 
microscope  and  transferring  it  directly  to  a  test-tube  (cultivation  by 
deep  inoculation),  a  definite  fungus  may  be  cultivated  in  a  little  time 
and  with  little  trouble. 

Cultivations  with  nutrient  agar-agar  are  made  in  the  same  way  as 
with  nutrient  gelatine.  The  former  substance  should  be  used  in  all 
cases  of  fungi  which  contain  spores  and  where  the  growing  fungi  cause 
nutrient  gelatine  to  liquefy  quickly ;  as,  for  instance,  in  making  culti- 
vations from  the  faeces,  and  in  cultivating  micro-organisms  which  require 
a  high  temperature  (37°  and  upwards)  for  their  growth. 

The  cultivations  are  placed  in  an  incubator  such  as  Koch  and  others 
(d'Arsonval)  have  devised.    The  construction  of  these  is  the  same  in 
all  cases.    The  incubator  has  double  walls  enclosing  a  compartment 
for  water,  with   arrangements  (thermostats)  by  whicli  the  internal 
temperature  may  be  maintained  constant  to  within  0.2°  C  Experi- 
ence, and  especially  Kocli's  researches,  have  shown  that  a  number  of 
pathogenic  fungi,  as,  for  instance,  the  bacillus  of  tubercle,  will  thrive 
only  at  a  definite  and  continuous  temperature.     To  aid  in  securing, 
this,  various  thermostats  have  been  constructed  recently.    Of  these  the 
author  uses  tlie  thermo-regulator  of  L.  Meyer:^^    The  principle  of  the 
instrument  is  to  regulate  the  supply  of  gas  for  heating  the  incubator 
by  conducting  it  througli  an  jethereal  atmosphere  confined  by  a  mer- 
curial valve,  so  that  more  or  less  gas  is  conducted  to  the  jet  accordin<^ 
to  the  temperature  required  in  the  incubator.  ° 
■  This  instrument  answers  well.    Such  a  thermostat  has  been  in  use 
for  several  months  in  Professor  Nothnagel's  clinic.  Notwithstanding 
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the  great  variation  in  gas-pressure,  the  temperature  recorded  never 
varied  by  more  than  0.2°  C. 

2.  Cultivation  by  Deep  Inoculation.— A  particle  of  the  fungoid  mass 
is  taken  on  a  sterilised  platinum  needle  and  implanted  on  nutrient 
gelatine  or  agar-agar  in  a  test-tube  by  removing  the  sterilised  plug 
with  the  mouth  of  tlie  tube  downwards  and  plunging  the  inoculating 
needle  into  the  nutrient  substance.    After  the  lapse  of  a  few  days  the 
fungus  develops  in  a  very  characteristic  manner  in  the  gelatine.  This 
proceeding  is  adopted  only  when  a  pure  cultivation  has  been  obtained 
with  plates,  and  it  is  then  of  service  in  the  further  study  of  the  micro- 
organism.    R.  FiscU^^  has  removed  the  cylinder  of  gelatine  from 
the  test-tube  with  a  cork-borer,  and  Neisser^^  by  the  action  of  heat; 
and  by  subsequently  hardening  it  in  alcohol  or  a  i  per  cent,  solution  of 
bichromate  of  potash,  these  observers  were  able  to  observe  the  develop- 
ment of  the  fungus  in  microscopical  sections. 

3.  Cultivations  on  Glass  Slides.— A  sterilised  platinum  needle  is 
infected  with  a  particle  from  the  fungoid  fluid  in  the  manner  indicated 
on  p.  385,  and  drawn  across  the  surface  of  nutrient  gelatine  spread  upon 
a  slide  in  such  a  manner  that  the  fungi  lodge  in  the  furrow.  After  a 
few  days  colonies  of  fungi  develop  in  the  line  of  inoculation. 

4.  Cultivation  in  Hanging  Drops.— Zoc//  was  the  first  to  adopt  this 
method  of  cultivation.    With  it  the  growth  of  the  micro-organisms 
can  be  observed  directly  under  the  microscope.     It  is  carried  out 
thus:— A  glass  slide 'with  a  hollow  surface  is  taken,  and  the  edge  of 
the  concavity  is  smeared  with  a  little  vaseline,  or  a  mixture  of  five 
parts  of  vaseline  and  one  of  paraffin  may  be  used  instead,  as  Bircli- 
Hirschfeld  recommends.    A  drop  of  sterilised  broth  is  then  placed  on 
a  clean  cover-glass  infected  from  the  bacterial  fluid,  and  covered  with 
the  slide  in  such  a  way  that  the  drop  is  suspended  in  the  middle  of  the 
cell     The  sterilised  broth  is  prepared  in  the  same  manner  as  nutrient 
crelatine,  except  that  the  addition  of  gelatine  is  omitted.    For  micro- 
scopical examination  an  oil-immersion  lens  with  an  Abbe's  condenser 
and  narrow  diaphragm  should  be  used.    And  where  fungi  are  studied 
in  this  way,  the  edges  of  the  drop  should  be  observed  with  special  care, 
since  it  is  there  that  the  morphological  characteristics  of  the  micro- 
organisms are  best  marked. 

5.  Cultivation  by  Exclusion  of  Air.-A  number  of  micro-organisms 
develop  only  in  the  absence  of  air  (oxygen),  and  the  processes  for  their 
cultivation  have  been  worked  out  by  Koch,  Hesse,  Buchner,  Grnber, 

and  others.  .      ^  ^ui, 

Koch  seals  up  the  test-tube  cultivation  with  plates  of  mica,  Hesse  v^ith 
oil.    Gruber  exhausts  the  air  with  an  air-pump  and  fuses  the  vessel 
Buchne,-^^  employs  a  solution  of  pyrogallol  and  caustic  potash  to  absorb 
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oxygen.  When  this  is  to  be  done,  the  test-tube  cultivation,  suitably 
prepared,  is  placed  within  a  second  larger  test-tube,  which  contains  the 
solution,  and  which  is  then  closed  at  the  top  with  an  air-tight  caoutchouc 
cap.  For  cultivations  in  hanging  drops,  Buchner's  method  is  recom- 
mended by  Nilciforoff.'-^'  The  exclusion  of  air  from  plate-cultivations  is 
best  efiFected  by  Blucher's^^  contrivance. 


IV.  THE  TRANSMISSION  OF  PURE  CULTIVATIONS  TO 

ANIMALS. 

This  constitutes  a  very  important  part  of  bacteriological  study.  It 
may  be  conducted  in  many  ways. 

{a.)  The  animal  is  placed  in  a  closed  chamber,  and  the  atmosphere 
is  saturated  with  sterilised  water  containing  the  bacteria  by  means  of 
a  spray  producer.  Experiments  of  this  kind  are  very  valuable  for  the 
study  of  infectious  diseases  and  of  inhalation  remedies. 

(p.)  The  pure  cultivation  of  a  definite  fungus  is  given  to  the  animal 
with  its  food.  In  doing  this  the  chief  precaution  necessary  is  to 
see  that  the  food  itself  is  innocuous.  Koch's  plan  is  to  enclose  the 
cultivation  in  a  small  starch  capsule  provided  with  a  lid,  and  to 
place  this  on  the  back  of  the  animal's  tongue.  Most  of  the  bacteria 
that  are  devoid  of  spores  appear  to  be  destroyed  by  the  action  of  the 
free  acid  in  the  stomach,  and  on  this  account  it  is  advisable  to  neutra- 
lise the  acid  by  the  administration  of  alkalies,  such  as  Koch  used 
in  his  cholera  researches,  or  to  perform  laparotomy  with  strict  anti- 
septic precautions,  and  to  introduce  the  cultivation  directly  M'ithin  the 
duodenum. 

(c.)  Cutaneous  inoculation.  The  hair  having  been  removed  from 
some  part  of  the  body,  as  the  ear,  which  the  animal  cannot  easily  reach 
with  its  tongue,  a  superficial  wound  is  made  there,  and  a  portion  of 
the  cultivation  is  lodged  within  it. 

(d.)  In  mice  the  inoculation  is  best  made  subcutaneously  at  the  root 
of  the  tail.  Or  the  purpose  may  be  effected  by  infecting  subcutaneously, 
or  within  one  of  the  natural  cavities,  by  means  of  Koch's  modification 
of  Pravaz's  syringe.  In  this  instrument  a  disc  of  cork  is  substituted 
for  the  india-rubber,  which  will  not  bear  the  great  heat  necessary  to 
ensure  sterilisation.  A  part  of  the  cultivations  suspended  in  water  is 
sucked  into  the  syringe,  and  the  fluid  injected  beneath  the  animal's 
skin.  A  simple  glass  cannula  with  a  compressible  india-rubber  bulb 
will  also  serve. 
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V.  SCHEME  OF  A  BACTERIOLOGICAL  INVESTIGATION. 

1.  The  fluid  to  bo  examined  is  taken  from  the  body  with  sterilised 
instruments  and  under  the  requisite  precautions,  and  a  drop  is  inspected 
microscopically,  either  with  a  powerful  dry  system  or  a  homogeneous 
immersion  objective ;  narrow  diaphragms  and  an  Abbe's  condenser 
being  also  used.  Dry  preparations  are  made  and  stained.  In  doing 
this,  solutions  of  the  basic  aniline  dyes  are  used,  or  one  of  the  other 
methods  (p.  378),  as  those  of  Gram,  Eriedlander,  &c.,  according  to  the 
character  of  the  fungi  supposed  to  be  present. 

2.  Another  drop  of  the  fluid  is  added  to  fluid  nutrient  gelatine  or 
agar-agar  to  obtain  plate-cultivations. 

The  plate-cultivations  are  examined  with  the  microscope  after  twelve 
to  twenty-four  hours,  and  it  is  seen  whether  they  contain  fungi  which 
are  identical  with,  or  resemble  in  their  mode  of  growth,  others  already 
known  or  under  observation. 

Should  it  appear  that  no  pure  cultivations  have  yet  formed,  other 
plates  are  made  from  those  already  prepared,  until  one  is  obtained  in 
which  a  single  fungus  develops. 

3.  Drop-cultivations  are  made,  and  their  growth  observed  directly. 
Moreover,  these  are  nourished  on  various  substances,  such  as  potatoes, 
^luten,  &c.,  and  their  behaviour  to  different  nutrient  fluids  and  under 
different  conditions  of  temperature  is  studied. 

4.  Pure  cultivations  so  obtained  are  transferred  to  different  animals, 
and  the  morbid  symptoms  induced  are  observed.  If  such  symptoms 
are  analogous  to  those  occurring  in  the  human  system  in  presence  of 
the  same  micro-organism,  they  may  be  assumed  to  be  due  in  both  cases 
to  the  agency  of  the  latter. 

When  this  is  done,  however,  the  resources  of  bacteriology  are  not  yet 
exhausted.  The  biological  characteristics  of  the  fungi  remain  to  be 
investigated,  as  to  what  sources  of  nitrogen,  what  sources  of  carbon, 
and  what  inorganic  salts  they  require.  It  is  only  in  this  way  that 
we  can  arrive  at  just  conclusions  concerning  the  nature  of  infectious 
diseases,  and  attain  to  rational  methods  of  anti-bacterial  treatment. 


BIBLIOGEAPHY. 


CHAPTER  I. 

THE  BLOOD. 

1  Landois  and  Stirling,  Human  Physiology,  p.  i.,  4th  edit. 
-  Lichreich,  Berichfce  der  deutschen  chem.  Gesellschaft,  i.  48,  1868. 
Zimtz,  Centralblatt  fiir  die  medic.  Wissenschaften,  v.  531  and  801,  1867. 
Lassar,  Archie  five  die  gesammte  Physiologie,  ix.  44,  1874. 
^  Landois,  Eeal-Encyclop.,  iii.  161,  2nd  edit.,  1885. 
"  V.  JaJcsch,  Zeitschrift  flir  klin.  Med.,  xiii.  350,  1887. 
"  Proceedings  of  the  Eoyal  Society  of  Edinburgh,  i8th  June  1888. 
^  ff.  Meyer,  Archiv  fiir  experimentelle  Pathologie  und  Pharmakologie,  xiv.  336, 
1 88 1,  and  xvii.  304,  1883,  where  also  other  references  occur. 

H.  Wintcrnitz,  Zeitschrift  fiir  physiologische  Chemie,  xv.  505,  1891. 
V.  Jaksch,  Zeitschr.  fiir  klin.  Med.,  xiii.  350,  1887. 
^1  Canard,  Zeitschrift  fiir  klin.  Med.,  xiii.  351,  1887. 
1'-'  Mya  and  Tassinari,  ibid.,  p.  351. 

E.  (rj-oicT-,  Zur  klinischen  Diagnostik  der  Blutkrankheiten.  Hsmatologische 
Studien,  p.  64.    Leipzig,  1888. 
"  Peiper,  Archiv  fiir  pathologische  Anatomie,  cxvi.  337,  1889. 
"  W.  H.  Jiumpf,  Centralbl.  f.  klin.  Med.,  xii.  441,  1S91. 

Kraus,  Zeitschrift  fiir  Heilkunde,  x.  106,  18S9 ;  Archiv  fiir  experimentelle 
Pathologie  und  Pharmakologie,  xxvi.  iSi,  1889. 

"  Klemperer,  Verhandl.  d.  Congreses  f.  innere  Medicin,  ix.  39,  1890;  Charitd- 
Annalen,  xv.  151,  1890. 
18  Cantani,  Centralblatt  flir  die  medic.  Wissenschaften,  xxii.  785,  1884. 
1"  Landois,  Eeal-Encyclop.,  iii.  163,  1885. 

K  Lloyd  Jones,  Journal  of  Physiol.,  viii.  i,  1887. 
-'  Landois  and  Stirling,  op.  cit.,  p.  2. 

--  Hoy,  Proc.  Physiol.  Soc,  S^.—Devoto,  Zeitschr.  f.  Heilkunde,  xi.  175,  1889.— 
Siegl,  Wiener  klin.  Wochenschr.,  iv.  606,  1891. 

K  Lloyd  Jones,  Brit.  Med.  Journ.,  1888,  ii.  p.  1345. 
-*  llanvmerschlag,  Wiener  klin.  Wochenschrift,  iii.  loiS,  1890. 
-•'  Schmaltz,  Archiv  f.  klin.  Med.,  xlvii.  145,  1890. 
2»  Peiper,  Centralbl.  f.  klin.  Med.,  xii.  No.  12,  1891. 
Poy,  Journ.  of  Physiol.,  1884,  ix. 
Monckton  Copeman,  Brit.  Med.  Journ.,  1891,  i.  p.  161. 
="  Hayem,  Legons  sur  les  Modifications  du  Sang,  p.  75.    Paris,  1882. 
3"  For  further  information,  see  Bizzozero,  Giornale  dell'  Accad.  di  medicina  di 
Torino,  1882.    Centralblatt  f.  d.  medic.  Wissenschaften,  xx.  353,  1882  ;  Virchow's 
Archiv,  xc.  261,  1882.— Xato-,  Sitzungsbcr.  der  k.  Akad.,  Vienna,  Ixxxvi.,  1882  ; 
xciii.,  1886  (sep.  ])Mh.).—Schimmelhusch,  Fortschritte  dor  Med.,  iii.  95,  1885.— 

39" 


392 


BIBLIOGRAPHY. 


M.  Luwit,  Fortschrittc  dcr  Med.,  iii.  175,  18S5,  vi.  369,  1888  ;  Sitzung.sberichte  der 
k.  Akademio,  Vienna,  Ixxxviii.  356,  18S4.— Virchow's  Archiv,  cxvii.  545,  1889 ; 
Beitriige  zur  pathologischen  Anatomic,  &c.,  v.  472,  1889. — Afanassiew,  Archiv 
fill-  klin.  Medicin,  xxxv.  217,  \2,?,/^.-~SchiiamMmch,  Eberth,  Die  Tlirombose  nach 
Versuchen  u.  Leichenbefunden,  Stuttgart,  1888.  LandoU  and  SlirUivj,  op.  cit., 
4th  edit.,  p.  20. 

"  A.  Rollett,  Hermann's  Handbuch  der  Physiologic,  iv.  i,  p.  5,  1880.— /.«»wZois 
and  Stirling,  Text-book  of  Physiology,  §  i,  1891.— Z>.  Schiefferdecker  11.  A.  Kossd, 
Gewebslelire,  ii.  356,  1891. 

^-  A.  Rollett,  op.  cit.,  p.  28. 

33  Stierlin,  Inaug.  Diss.,  1889  ;  Deutsches  Archiv,  xlv.  75,  iSSg.—Oppenheimer, 
Deutsche  med.  Wochenschr.,  xv.  859,  880,  904,  1889.— /(TZcm,  Wien.  med.  Wochen- 
schr.,  xl.  36-40,  i&go.—  Wilkens,  Schmidt's  Jahrblicher,  ccxxviii,  112  (ref.),  1890.— 
Reinert,  Die  Zahlung  der  Blutkorperchen  u.  s.  w.,  72.  Leipzig,  i2,gi.—Reineelce, 
Fortschrittc  der  Medicin,  vii.  408,  1889. 

3-*  Prey,  Das  Mikroskop  nnd  die  mikroskopische  Technik,  p.  127.  Leipzig,  1873- 
V.  d.  Hurst,  Centralbl.  f.  klin.  Med.,  xi.  961,  1890. 

Ahbe,  Sitzungsberichte  der  GeseUschaft  fur  Med.  uud  Naturwiss.  in  Jena, 
No.  29,  1878. 

3''  Bcdand,  Fortschrittc  der  Medicin,  ix.  824,  1891. 

38  Sadler,  ibid.,  ix.,  189 1. 

39  Lyrnx  and  Tlwma,  Virchow's  Archiv,  Ixxxiv.  131,  1881  ;  see  also  A.  Ealla, 
Zeitschrift  fiir  Heilkunde,  iv.  198  and  331,  1883. 

Thoma,  Virchow's  Archiv,  Ixxxvii.  201,  1882. — Maragliano  u.  Castcllini,  Cen- 
tralbl. f.  klin.  Med.,  xi.  947  (ref.),  1890. 

«  Reinccke,  Fortschritte  der  Medicin,  vii.  411,  1889. 

■i^  Mayet,  Acaddmie  des  Sciences,  Wiener  med.  Presse,  xix.  833  (ref.),  1888. 

«  Gowers,  "On  the  Numeration  of  the  Blood  Corpuscles,"  Lancet,  Dec.  1877. 

«  Bizzozero,  Handbuch  der  klinischen  Mikroskopie,  Erlangen,  1887  ;  and  Wiener 
med.  Jahrblicher,  p.  252,  1880.— F.  Fkischl,  Wiener  med.  Jahrblicher,  425,  1885, 
and  167,  i8S6.—Henocqne,  Notice  sur  I'HiSmatoscope.  Paris,  1886.— Landois  and 
Stirling,  op.  cit.,  p.  23. 

45  ffedin,  Skandinavischer  Archiv  flir  Physiologie,  ii.  154,  1890. 
Limbeck,  Prager  med.  Wochenschr,  xv.  351,  365,  1890. 

^'^  Laker,  Wiener  med.  Presse,  xxxi.  1375,  1890. 

48  .efesosero,  Handbuch  d.  klin.  Mikroskop.  Translated  by  Bernheimer.  Erlan- 
gen, 1887. 

4S>  Bizzozero,  Atti  della  Regia  Acc.  d.  Sc.  di  Torino,  xiv.,  1879. 
5»  Sadler,  Prager  med.  Wochenschr.,  xvi.  256,  1891. 

w  Gottlieb,  Wiener  med.  Blatter,  ix.  505  and  537,  1886.— ZrtZ,-cr,  Wiener  med. 
Wochenschrift,  xxxvi.  639  and  877,  1886.— fiarftacci,  Centralbl.  f.  d.  med.  W.,xxv. 
641,  1887.— Awc/t,  Zeitschrift  f.  klin.  Med.,  xii.  357,  1887.— Meyer,  Archiv  f.  Gyna- 
kologie,  xxxi.  145,  1887.— Hcibcrlin,  Miinch.  med.  Wochenschrift,  xxxv.  364,  1887. 
—Widowitz,  Jahrbuch  fiir  Kinderheilkunde,  xxvii.  380,  iSSii.Slicrlin,  Deutsches 
Archiv  f.  klin.  Medicin,  xlv.  75.  1889.— <ScA#;  Zeitschrift  fiir  Heilkunde,  xi.  17, 
iSgo.—  Wilkens,  Schmidt's  Jahrbiicher,  ccxxviii.  7,  1890.— Rcinl,  Beitrage  zur 
Geburtshilfe  und  Gyna^kologie  (sep.  pub.);' he  combines  Glau's  spectrophoto- 
meter with  V.  Fleischl's  apparatus.  Consult  Benczur  und  Csatary,  Deutsches 
Archiv  f.  klin.  Med.,  xlvi.  478,  1890;  the  observations  were  made  by  Vierordt's 
spectrophotometrical  method.-i:  Reinert,  Die  Zahlung  der  Blutkorperchen,  &c., 

^^fi^Snocgi,  see  (44),  and  Weiss,  Prager  medicinische  Wochenschrift.,  xiii.  117, 


Loos,  Wiener  klinisch  Wochenschrift,  i.  679,  1S88. 


CHArTi-ili  I.  THIO  JJLOOU. 


393 


"  Jlenschen,  Upsala  liikare  foron.  fijrli.,  xxii.  497,  1887. 
"  Seo  Iltlnocque,  Gazette  hcbdomadairo,  xliii.  1S86. 

fledin,  Skandinavisclicr  Archiv  fUr  Physiologie,  ii,  134,  1890. 
°'  Baland,  Fortscliritte  der  Medicin.,  ix.  S23,  867,  1S91. 
^  V.  Jaksch,  Prager  med.  Wochensclir. ,  xvi.  195,  1891. 
5"  Of.  Pohl,  Archiv  ftir  exper.  Pathologie  n.  Phannakologie.  xxv.  87,  1888. 

Griiber,  see  (13). 
81  Sadler,  Fortscliritte  der  Medicin,,  ix.  1S91. 

8-  Reinecle,  ibid.,  vii.  408,  1889  ;  Virchow's  Archiv,  cxviii.  148,  18S9. 

^  R.  Millltr,  Prager  med.  Wochenschr.,  xv.  213,  228,  23S,  1890. 
,    8*  Schiff,  Zeitschrift  fiir  Heilkunde,  xi.  23,  1890. 

^'  Virchow's  Gesammelte  Abhandliingen  ziir  wisseiischaftlichen  Medicin,  iii. ; 
"On  Colourless  Blood  Corpuscles  and  Leiikajmia,"  p.  180;  also  Nasse,  Donni, 
Rtmak,  Hcnlc. 

Tumas,  Deutsches  Archiv  f.  klin.  Med.,  xli.  323,  18S7. 
^  V.  Jaksoh,  Festschrift  zu  E.  Henoch's  70.    Geburtstag,  1890 :  Centralbl.  f. 
klin.  Med.,  Feb.  6,  1892;  V.  Limbeck,  Zeitschrift  f.  Heilkunde,  x.  392,  1890.— 
Pick,  Prager  med.  Wochenschr.,  xv.  303,  1890. 
^  V.  Limbeck,  see  (67). 
Sadler,  see  (6i). 

V.  Jaksch,  Prager  med.  Wochenschr..  xvi.  No.  i,  iSgi.—Tochitoivitsch,  Berliner 
klin.  Wochenschr.,  xxviii.  835,  1S91.  Cf.  also  G.  Alexandre,  De  la  Leucocytose, 
&c.,  Parifs,  18S7,  and  Sadler,  (61). 

"  See  Sadler,  (61)  ;  V.  Jaksch,  I.e.,  p.  20;  and,  from  a  clinical  point  of  view, 
the  remarkable  observations  of  Horbaczeiuski,  Sitzungsberichte  d.  k.  Akademie, 
0.  (3),  78,  1891. 

'2  Virchoiv,  op.  cit.—  Ortner,  Wien.  klin.  Wochenschr.,  iii.  677,  697,  720,  757, 
830,  871,  892,  914,  937,  1890.— {?.  Roux,  Centralblatt  f.  klin.  Med.,  xi.  947  (ref.), 
1890.—//.  F.  Mailer,  Deutsches  Ai'chiv  f.  klin.  Med.,  xlviii.  47,  iSgi.—  Wertheim, 
Zeitschr.  f.  Heilkunde,  xii.  280,  1891. 

^3  See  Ricmer,  Schmidt's  Jahrbiicher,  clxxxi.  185,  1879. 

Mosler,  Zeitschrift  fiir  Biologie,  viii.  147,  1872. 

"  For  further  statements  see  Fleischer  and  Penzoldt,  Archiv  fiir  klin.  Medic, 
xxvi.  36S,  1880. 

7.  Jaksch,  Wiener  klin.  Wochenschr.,  ii.  435,  456,  1S89. 
^  Bizzozero,  op.  cit.,  pp.  13  and  65. 
'■s  Haycm,  Du  Sang,  p.  856,  et  seqq. 

Gowcrs,  Art.  "  Leucocythtemia,"  Quain's  Diet. 
8°  W.  Beatty,  Brit.  Med.  Journ.,  April  19,  1891. 

n  M.  Lowit,  Sitzungsbcr.  der  k.  Akad.  (Vienna),  xcii.  (3),  22,  1886:  and  xcv. 
(3)>  1887. 

^  Haycm,  Du  Sang,  p.  857. 
8^  Hayeni,  ibid.,  p.  857. 

8*  Gazette  medicale,  1853.    Gazette  hebdomadaire,  i860. 
8S  Neumann,  Archiv  fiir  mikros.  Anatomie,  ii.  1866. 


86 


_  Ph.  Shrciner,  Liebig's  Annalen,  cxciv.  68,  1878,  where  also  other  references 
will  be  found. 

8"  E.  Wagner,  Archiv  fur  Heilkunde,  1862. 
^  Prus,  see  Westphal,  (89). 
.    8"  Westphal,  Archiv  f.  klin.  Med.,  xlvii.,  p.  614,  1891. 
»»  Fleischer  and  Penzoldt,  Archiv  fiir  klin.  Med.,  I.e.,  p.  22. 
"  F.  Jaksch,  Prager  med.  Wochenschr.,  xv.  404,  1890. 
92  Cf.  Sadler,  (61) ;  Milller  u.  Jiiedcr,  Archiv  f.  klin.  Med.,  xlviii.  100,  iSgr. 
Lhrhch,  Verhandlungen  der  physiologisch.  Gessellchaft  zu  Berlin,  1879-80 


394  BIBLIOGRAPHY. 

No.  20;  Zeitschrift  fiir  klin.  Med.,  i.  553,  1880  ;  Charitd-Annalen,  xii.  288,  1887  ; 
and  Farbenanalytische  Untersiicliungcn  zur  Histologic  und  Klinik  des  Blutes. 
Berlin,  1891. 

JIuher  and  Beckev,  Die  patliologisch-histologi.sclien  und  bacteriologischen 
Untersuchungs-Methoden,  p.  49.    Leipzig,  1886. 

Oahritschewslcy,  Archiv  f.  exper.  Pathologie  u.  Pharmakologie,  xxviii.  83,  1891. 
Aldehoff,  Prager  med.  Wochenschr.,  xvi.  92,  1891. 
Dolega,  Fortschritte  der  Medicin,  viii.  811,  1890. 
"3  Milller  n.  Ricdcr,  Archiv  f.  klin.  Med.,  xlviii.  100,  1891. 

FinJc,  Inaug.  Dissert.  Elberfeld,  1890. 
"0  Miiller,  Archiv  f.  klin.  Med.,  xlviii.  51,  1891  ;  Archiv.  f.  exper.  Pathol,  u. 
PharmakoL,  xxix.  221,  1891. 

i»i  Weiss,  Wiener  med.  Presse,  xxxii.  1538,  1578,  1617,  1891  ;  Centralbl.  f.  die 
med.  Wissensch.,  xxix.  722,  753,  1S91. 

"2  Ehrlich,  Zeits.  f.  klin.  Med.,  i.  553,  1880. 
.    "3  Ehrlich,  ibid.,  Charite-Annalen,  1884,  p.  107.— Eugen  WestphaZ,  Ueber  Mast- 
zellen,  Inaug.  Diss.,  Berlin,  1S80,  pp.  18,  ig.—Nordmann,  Beitr.  zur  Kenntniss  v. 
namentlich  z.  Farb.  d.  Mastzellen.  Inaug.  Diss.,  Berlin,  1884. 
Lauder  Brunton,  Brit.  Med.  Journ.,  1276,  1889. 
"5  Weslphal,  Inaug.  Dissert.    Schade,  1880. 
1™  Einhorn,  Inaug.  Dissert.    Berlin,  1884. 
R,  V.  Jaksch,  (76),  (91). 

Loos,  Wiener  klin.  Wochenschr.,  iv.  6,  27,  1891. 
i""  iMzct,  Etude  sur  les  Andmie  de  la  premi&re  Enfance  et  sur  la  Anemie  in- 
fantile pseudo-leuoemique.    Paris,  1891. 
™  Hayeni,  Du  Sang,  p.  858. 

"1  SpietzschJca,  Archiv  f.  Dermatologie  u.  Syphilis,  xxiii.  265,  189 1. 

11=  Hayem,  Du  Sang  et  ses  Alterations  anatomiques,  etc. ;  Gazette  des  Hopitaux. 

No.  113,  1889.  .. 

Literature :  Mosler,  Milzkrankheiten,  Ziemssen's  Handbuch,  vui.  2,  19S, 
2nd  ed.,  1878.— C.  Nydrdm,  Schmidt's  JahrbUcher,  clxiii.  242,  1874.— Meissncr, 
Schmidt  s  Jahrbiicher,  clxviii.  293,  1875.  a 
1"  Vanlair  and  Masius,  De  la  Microcythdmie.    Bull,  de  I'Acad.  Roy.  Med.  de 

Belgique,  ser.  iii.  torn.  5. 

Bettclheim,  Wiener  med.  Presse,  No.  13,  1868,  separate  supplement, 
lie  Gram,  Fortschritte  der  Medicin,  ii.  11,  1884.— CrciSer,  see  (13). 

117  Quincke,  Deutsches  Archiv  fiir  klin.  Medic,  xx.  I,  1877,  and  xxv.  577,  ibbo. 
See  also  Lipine  and  Germont,  Gaz.  med.  de  Paris,  218,  i877.-Hciyem,  ibid.,  293, 
1S77. -Eisenlohr,  Archiv  fiii-  klin.  Medic,  xx.  495,  iS77.-LiUen,  Berhn.  Mm. 
Wochenschr.,  siv.  i,  i877.-Nothnagel,  Archiv  fur  klin.  Medic,  xxiv.  253,  1879- 
Ehrlich,  Charitd-Annalen,  198,  1878.- Centralbl.  f.  die  med.  Wissensch.,  xxvui. 
625,  i8go. 

118  V.  Jaksch,  Prager  med.  Wochenschr.,  xv.  No.  31,  iS90- 

lis  Doleqa,  Congress  fiir  innere  Medicin,  ix.  511,  1S90.  See  also  Mar^ghano  and 
Castellini,  ViMoJ^.  medica,  maggio,  1890  ;  and  Bro^ou:^,  Verhandl.  des  Congresses 
fiir  innere  Medicin,  ix.  424,  1890. 

i-2»  Quincke,  Mitth.  f.  d.  Verein  Schleswig-Holsteiner  Aerzte,  ibgo. 

1-1  Grdber,  see  (13).  .      t,^^m„  ,00,  n 

122  See  Noppe-Seyler,  Handbuch  der  physiologischen  Chemie.  Berhn,  1881,  p. 
478.-7— mann.  Von  Ziemssen's  Handbuch,  xiii.  2nd  half,  p.  274,  2nd.  edit. 

"^tte'e'/ILma-m,  V.  Ziemssen's  Handbuch,  xiii.  2nd  half,  p^  35°,  -d  ed 
i879.-Eichhorst's  Monograph  on  Pernicious  AniBmia,  Leipzig,  xSyS.-Quu^^le, 
(117).— Zaac/ic,  Die  Anxmie,  Christiania,  1883. 


CHAPTER  1.  THE  BLOOD.  395 

Copenuin,  Lancet,  i.  1076,  18S7. — Rindficisch,  Virchow's  Archiv,  cxxi.  176, 
1S90. — Dowd,  Contralbl.  f.  d.  mod.  Wisscnsch.,  xxviii.  954  (ref.),  1890. 

■-^  Haijcm,  op.  cit. — Kalder,  Prager  medic.  Wocliensclirift,  v.  373,  394,  404, 
415,  423. — Quincke,  see  (117). — Laache,  see  (123). 
Muir,  Journal  of  Anatomy,  xxvi.  p.  393. 

Neuhcrt,  St.  Petersburger  med.  Wochenschr.,  xiv.  No.  32,  1889  ;  Dehio,  ibid., 
xvi.  I,  1891. 

'-^  Kraepclin,  Neurologisches  Centralblatt,  No.  3,  1890. 

^•^  F.  Milller,  Charitd-Annalen,  xiv.  253,  18S9. — A.  Klein,  Wiener  klin.  Wochen- 
schr., iv.  721,  745,  1891. — V.  Noorden,  Charitd-Annalen,  xvi.  (sep.  pub.). 

Block;  Diss.  Stettin,  1871. — Oraiuitz,  Virchow's  Archiv,  Ixxix.  546,  1877,  and 
Ix.xxi.  355,  18S0 — Liehtheim,  Zeitschr.  fiir  klin.  Medic,  vii.  140,  1884. 

Kitasato,  Zeitschr.  f.  Hygiene,  vii.  225,  18S9. 

Koch,  Cohn's  Beitriige  zur  Biologic  der  Pflanzen,  ii.  429, 1877  ;  and  Mittheilun- 
gen  aus  dem  kaiserlichen  Gesundheitsamte,  i.  i,  i88i.—Ehrlich,  see  (93).  —  Weigerl, 
Centralbl.  fiir  die  medic.  Wissensch.,  ix.  609,  1881  ;  and  Berl.  klin.  Wochenschr., 
XV.  241  and  261,  1877. 

See  Daland,  Fortschr.  der  Med.,  ix.  824,  1891. 

Scheurlcn,  Centralbl.  f.  Bakteriol.  u.  Parasitenkunde,  viii.  257,  1890. 
1*'  Ehrlieh,  Zeitschrift  fur  klin.  Med.,  ii.  710,  1881. 

Loffler,  Mittheilungen  aus  dem  kais.  Gesundheitsamte,  ii.  439,  1884. 
Gram,  Fortschritte  der  Medicin,  ii.  186,  1884. 
"8  Weigert,  Fortschritte  d.  Medicin,  v.  228,  1887. 
.       Polleiider,  Mikroskopische  und  mikrochemische  Untersuchung  des  Milzbrand- 
blutes,  sowie  tiber  Wesen  und  Cur  des  Milzbrandes.    Casper's  Vierteljahrshcrift 
fiir  gerichtliche  und  offentliche  Medicin,  viii.  103,  iSs^.—BraueU,  Virchow's 
Archiv,  xi.  132,  1857,  and  xiv.  32,  1858.— Damme,  Compt.  rend,  de  I'Acaddmie  des 
Sciences,  hii.  220,  1863. 

Bollinger,  V.  Ziemsseu's  Handbuch,  iii.  544,  2nd  edit.  For  exhaustive  in- 
formation, see  Wilhelm  Koch,  Milzbrand  und  Rauschbrand,  1886.  Deutsche 
Chirurgie,  9.  Liet—Baumgartcn,  Jahresbericht  uber  die  Fortschritte  in  der  Lehre 
von  den  Miki-o-organismen,  &c.,  i.  52,  1886  ;  ii.  124,  1877  ;  iii.  loi,  1888.— Fliiggc, 
Die  Mikro-organismen,  &c.,  2ud  edit.,  Leipzig.  1886. 

H.  Koch,  Cohn's  Beitriige  zur  Biologic  der  Pflanzen,  ii.  277  and  429,  1S77.  B. 

Koch,  Wundinfectionskrankheiten,  Leipzig,  1878;  and  Mittheilungen  ans  dem 
kaiserlichen  Gesundheitsamte,  i.  49,  1881. 

Eppingcr,  Wiener  med.  Wochenschr.,  xxxviii.  Nos.  37,  38,  1888.— ii.  Paltauf, 
Wiener  klin.  Wochenschr.,  Nos.  18-26,  1S88,  where  a  full  account  of  the  literature 
on  the  subject  will  be  found. 

Ohermcycr,  Centralbl.  fiir  die  medic.  Wissenschaften,  xi.  145,  1873  ;  also  for 
further  information  consult  v.  Jalcsch,  Wiener  medic.  Wochenschr.,  xliii.  120,  159 
and  186,  1884.— Fliigge,  see  (141). 

Sarnmv,  Der  Riickfallstyphus  in  Halle  a.  S.  im  Jahre  1879-81.  Inaugural 
Dissertat.    Leipzig,  1882. 

Karlinski,  Fortschritte  d.  Medicin,  viii.  161,  189 1. 
^''^  Sacharoff,  Baumgarten's  Jahresbericht,  iv.  314  (ref.),  1889. 

Giinthcr,  Foi-tschritte  der  Medic,  iii.  755,  1885. 
»8  Weichselhaum,  Wiener  med.  Wochenschr.,  xxxiv.  333  and  365,  1884. 

Meisels,  Wiener  med.  Wochenschr.,  xxxiv.  1149  and  1187,  1884. 
'=0  Wiener  med.  Wochenschr.,  x.xxiv.  430,  m^.-Sticker,  Centralbl.  fiir 

klm.Med.,vi.  441,  1881.— Doutrelepont,  Deutsche  medic  Wochenschr.,  xi.  98,  1885. 
—Biitimeyer,  Centralbl.  fiir  klin.  Med.,  vi.  353,  1885. 
1"  Liebmann,  Lo  Spcrinientale,  xiv.  30,  1891. 

Ehrlieh  and  Guttmann,  Berliner  klin.  Wochenschr.,  124,  1S91. 


396 


BIBLIOGRAPHY. 


153 


Hamerle,  Pragor  mod.  Wocheuschr. ,  xvi.  io6,  189 1. 
Loffler,  Ai'beiten  aus  dem  kaiscrl.  Gcsundlieitsauite,  i.  141,  1886. 
"°  Lufflcr  and  Schiitz,  Deutsche  medic.  Wochenschr.,  i.x.  52,  1882. 

Ittrael,  Bcrl.  klin.  Wochenschr.,  xx.  155,  1883.    For  exhaustive  information 
as  to  the  older  and  more  recent  literature  on  the  subject,  sec  Fiii'jyc  (140),  and 
Baumgarten,  Jahrosb.,  ii.  181,  1887;  iii.  156,  1888;  iv.  154,  1889;  v.  226,  1890. 
157  WdcMelhaum,  Wiener  medic.  Woclienschr.,  xxxv.  Nos.  21-24,  1885. 
Meisels,  Wiener  mcd.  Wochenschr.,  xxxvi.  759,  1886. 

Rutimeycr,  Centralbl.  fiir  klin.  Mod.,  viii.  145,  1887.— .Vcu/taMs.«i,  Berlin,  klin. 
Wochenschr.,  xxiii.  89  and  389,  1886. 

JanowsU,  Centralbl.  f,  Bakteriol.  u.  Parasitenkundc,  v.  657,  1889. 

V.  Noordcn,  Miinch.  mcd.  Wochenschr.,  xxxiv.  No.  3,  1887. 
1"'  Orthcnbcrgcr,  Munch,  mcd.  Wochenschr.,  xxxv.  Nos.  49  and  50,  1S88. 
i''3  Sanger,  Deutsche  mad.  Wochenschr.,  xv.  No.  8,  1889. 

Weichselbaum,  Wiener  med.  Wochenschr.,  xxxviii.  Nos.  35  and  36,  1888. 

j_     Eiselsherg,  Wiener  klin.  Wochenschr.,  iii.  731,  iSgo.—Levij,  Centralbl.  f. 
klin.  Med.,  x.  65,  iSgo.—Brunner,  Wiener  klin.  Wochenschr.,  iv.  392,  1891. 
i""  J.  V.  Eoslliorn  {oral  communication). 

1"'  CrooJcshank.  An  investigation  into  the  so-called  "  Hendo^i  Cow  Disease,"  in 
its  relation  to  scarlet-fever  in  man.  Trans.  Patholog.  Societv,  1888,  printed 
separately  in  pamplilet  form. 

iss  Grookshank,  op.  cit. 

169  The  account  was  published  in  Eeports  xv.  and  xvi.  of  the  Local  Government 
Board,  in  the  "Transactions  of  the  Epidemiological  Society,"  New  Series,  voL  v., 
"Proceedings  of  the  Eoyal  Society,"  vol.  xlii.,  and  in  "Nature,"  No.  919,  vol.  xxxiv. 

I'O  Bareggi,  Gaz.  Lomb.,  viii.  p.  \ui.— Babes,  Virchow's  Archiv,  ex.  562,  1888. 

i"i  Nikolaicr,  Deutsche  med.  Wochenschr.,  x.  842,  iSS^.-Boscnbach,  Archiv  fiir 
klin.  Chirurgie,  xxxiv.  306,  1886.— ffochsinger,  Centralbl.  fiir  Bacterid,  und  Para- 
sitenkunde,  ii.  145  and  177,  1S87.— ^cimer,  Zeitschr.  fiir  Hygiene,  iii.  242,  1888.— 
Peiper,  Centralbl.  fiir  klin.  Medic,  viii.  No.  42,  1887.— 7.  Eiselsherg,  Wiener  klin. 
Wochenschr.,  i.  232,  259,  1888,  where  exhaustive  references  to  the  literature  on 
the  subject  are  given. 

1"  Brieger,  Untersuchungen  liber  Ptomaine,  pt.  iii.  p.  89,  Berlin,  1886  ;  Berlin, 
klin.  Wochenschr.,  xxv.  311,  1S86  ;  and  Deutsche  med.  Wochenschr.,  xiii.  303, 
1887  ;  Virchow's  Archiv,  cxii.  549,  18S8. 

173  Nissen,  Deutsche  med.  Wochenschr.,  xvii.  775,  1891. 

i^-i  A.  Bruschettini,  Riforma  Med.,  April  11,  1892. 

175  Kitasato,  Archiv  f.  Hygiene,  vii.  225,  18S9. 

Belfanti  and  Pescarolu,  Centralbl.  fiir  Bacteriologie  und  Parasitenkundc,  iv. 
514,  1888  ;  Baumgarten,  Jahresbericht,  iv.  230,  1S89  ;  v.  201,  1890. 

"7  Klehs,  Die  allgemeine  Pathologic,  &c.,  pt.  i.  p.  144-    Jena,  1S87. 

178  Zaveran,  Comptes  rendus,  xcv.  87,  1882. 

179  MarcMafava  and  Celli,  Tortschritte  der  Medic,  i.  573-  1SS3  ;  and  in.  339  and 
787  1885  For  further  literature— ictm'an,,  Eichard,  Councilman,  and  ^i6o(— see 
Baumgarten,  i.  153,  i88S  ;  ^Iso  Schelling,  Centralbl.  f.  Bacterid,  u.  Parasitenkunde, 

X.  570  (ref.),  1891.  ... 

180  See  0.  Rosenbach,  Berliner  klin.  Wochenschr.,  xxvni.  840,  1S91. 

181  Gerhardt,  Zeitschr.  fiir  klin.  Med.,  vii.  372,  1S84. 

182  Golqi   Centralbl.  f.  Bacteriologie  und  Parasitenkunde,  1.  340.  349.  ^^^7'- 
Fortschritie  der  Medicin,  82,  i889.-MelscMikoff,  Centralbl.  f.  Bacterid  u.  Para- 
sitenkunde, i.  624,  ^887.-Cheminsky,  ibid.  iii.  457,  iS88.-For  l-t-  1^^^^^^^^^^^^ 
see  Baumgarten's  Jahresbericht,  iv.  230;  v.  201,  .89O.-0sto-,  Bnti.h  Mcd. 

Journal,  xii.  556,  1887.  ^l^<^it^ok,  Boston  Med.  and  Surg.  Journal,  cxvm.  45°, 

1888.— Evans,  Brit.  Med.  Journal,  No.  1426,  S97,  1S88. 


UHArXEU  1.  THK  JiLOUD. 


397 


183  Dyer,  Proc.  Hoy.  Soc,  May  2S,  1S91.  —  Fcnton  Scans,  ibid.,  February  12, 
1S91. 

is-i  Cmmcilimn,  Centralbl.  fiir  Bacteriologic  und  I'arasitenkunde,  ii.  377.  1887. 
Fortschritte  derMcdicin,  vi.  449,  500,  18SS. 
1**  Mosso,  Centralbl,  fiir  Bact.  und  Parasitenk.,  ii.  17,  18S7. 
X.  Pfeiffcr,  Zeitscbr.  fiir  Hygiene,  ii.  397,  18S7. 
Tommasi-Crtidclt,  Centralbl.  f.  Bact.  und  Parasitenk.,  i.  349,  1887. 
'ss  Schiavuzzi,  ibid.,  i.  203,  1887.— jP.  Cukn,  ibid.,  ii.  363,  1887. 

Banilcwshj,  Centralbl.  fiir  die  mod.  Wisscnschaft,  xxv.  737  and  753,  i885 ; 
Centralbl.  f.  Bacteriol.  u.  Parasitenkunde,  ix.  397,  1891. 

Grassi  and  Fclctti,  see  (191). — Cclli  and  Sanfeh'cc,  Fortschritte  d.  Med.,  is. 
449,  1891. 

'"1  Lavcran,  see  {iy^).—MarcMafava  and  Cclli,  Eiforma  Medica  (sep.  pub.), 
April  1890:  Berliner  klin.  Wochenschr.,  xxvii.  1010,1890;  Fortschritte  der 
Mediciu,  ix.  2S3,  1891. — Oolffi,  Sulla  infezione  malarica,  Torino,  1886;  Beitrage 
zur  pathologischen  Anatomie,  &c.,  vii.  649,  1890;  Fortschritte  der  Medicin,  vii. 
81,  18S9;  Zeitscbr.  f.  Hygiene,  x.  136,  iSgi.— Cclli  and  Guarnicri,  Fortschritte 
der  Medicin,  vii.  521,  561,  1889. — &assi  and  CaLanclraccio,  Centralbl.  f.  Bacteriol. 
u.  Parasitenkunde,  vii.  396,  430,  1890. — Grassi  and  Fcletti,  ibid.,  ix.  403,  430,  461, 
1891 ;  X.  430,  481,  517,  1S91. — Canalis,  Giornale  medico  del.  E.  Esercito  edellaE. 
Marina,  Eome,  1S89  ;  Fortschritte  d.  Med.,  viii.  286,  325,  1S90. — B.  Paltauf, 
Wieu.  klin.  Wochenschr.,  iii.  24, 47,  1S90. — Qidnclce,  Mitth.  f.  d.  Verein  Schles.wig- 
Holsteiuer  Aerzte,  1890. — Dolega,  Fortschritte  d.  Med.,  viii.  769,  809,  1890; 
Verhandl.  d.  Congresses  f.  innere  Medicin,  ix.  51 8,  1890. — P.  Lehn,  Berliner 
kbn.  Wochenschr.,  26.  292,  1890;  Zeitscbr.  f.  Hygiene,  viii.  78,  90,  1890;  ^tio- 
logische  u.  klin.  Malariastudieu,  Berlin,  1890,  which  has  an  exhaustive  re- 
ference to  the  literature. — Chcnzinshj,  see  the  Eussian  translation  of  this  book  by 
Prof.  Tschudnojosky,  p.  120,  St.  Petersburg,  1890,  which  also  has  an  excellent  iigure 
of  the  Plasmodium  malaria. — Roscnbach  and  i?osen,  Deutsche  med.  Wochenschr. 
xvi.  325,  1890.— 1^  Jaksch,  Prager  med.  Wochenschr.,  xv.  40,  1890.  See  also 
HocUsinger,  Wiener  med.  Presse,  xxxii.  65S,  i^qi.—Mannabcrg,  Centralbl.  f.  klin. 
Med.,  xii.  513, 1891.—^.  MalachovjsH,  ibid.,  601,  z8gi. —Baumgarten's  Jabresbericht, 
iv.  306,  1889  ;  V.  425,  1890. — Bcin,  Charitc-Anualen,  xvi.  181,  1891. 

Bod;  Fortschritte  der  Med.,  ix.  187,  1891  ;  Medical  Neios,  1891.— (7.  Signer, 
Centralbl.  f.  Bacteriol.  und  Parasitenkunde,  x.  554  (ref.),  1891. 

Eehir,  Lancet,  May  28,  1892. 
1"  Golgi,  Fortsch.  der  Med.,  7,  PI.  J.-Plchn;  Cclli,  and  Guarnicri,  Fort- 
schritte der  Med.,  PI.  III.  fig.  15. 
i»5  Golgi,  ibid. 

Golgi,  ibid. 

Golgi,  Zeitscbr.  f.  Hvgiene,  x.  136,  1S91. 
W8  Golgi,  I.e. 

!»»  Cclli  and  Marchiafava,  Berliner  klin.  Wochenschr.,  xxvii.  loio,  1S90. 
Celli  and  Guarnicri,  I.e.,  PI.  Ilia. 

Compare  the  striking  observations  made  by  Banilewsld,  op.  cit.,  p.  39S. 
See  also  0.  Hcrtd  and  C.  v.  Noordcn,  Berliner  klin.  Wochenschr.,  xxviii. 
(sep.  pub.),  1891. 
-6^  K  Jate/i,  see  (191). 

=M  Chenzinshy,  in  Prof.  Tachudnowski/'s  translation  of  this  book,  p.  420,  St. 
Petersburg,  iSgo.—Plehn,  iEtiol.  and  klin.  Malariastudien,  Berlin,  1890.— Mala- 
ohoivslci,  Grassi,  and  Fclctti,  see  (191). 

■""  Bochsinger,  see  {igi).— Paltauf  (oral  communication). 
"b'd  ^""^  Bacteriologic  und  Parasitenkunde,  ii.  353,  1887,— P/c^fCT-, 


;05 
208 


398 


BIBLIOGRAPHY. 


-"7  See  LeucharL's  classical  work  :  Die  menscliliclien  Parasitcn  und  die  vonihnen 
herrlihrenden  Krankheiten,  Leipzig,  i.  617,  1865  ;  also  L.  K.  Schmarda,  Lehrbuch 
der  Zoologie,  i.,  Vienna,'  187 1  ;  and  B.  llatschck,  Lehrbuch  der  Zoologie,  Jena, 
1888. 

="8  BUharz  and  G.  Th.  V.  Siehold,  Zeitschrift  fur  wissenschaftliche  Zoologie,  iv. 
S9,  72,  and  454,  1853  ;  and  BUharz,  Wiener  medic.  Wochenschr.,  vi.  49,  1856.  For 
further  literature,  see  Meissner,  Schmidt's  Jahrbiicher,  clxv.  289,  1875  ;  clxxxix. 
84,  1881  ;  cxciii.  30,  18S2. 

-"f  Cohbold,  Lancet,  ii.  1877. 

Ringer  and  Patrick  Manson,  Med.  Times  and  Gazette,  July  2,  1 88 1. 
Leuckart,  I.e.,  ii.  628,  1876.— Meissner,  Schmidt's  Jahrbiicher,  clxv.  289,  1875  ; 
clxxxix.  81,  1881  ;  cxciii.  29,  1882. 

212  Leiois,  Lancet,  i.  No.  2.  1873  ;  and  the  same  in  Centralbl.  fur  med.  Wissen- 
schaft,  xi.  335,  1873;  xiii.  771,  1874.  "On  a  liEematozoon  inhabiting  human 
blood,"  Calcutta,  1872";  Deutsches  Archiv  f.  klin.  Med.,  xii.  540,  1873;  xv.  613, 
1874. 

2'3  Bourne,  Brit.  Med.  Journal,  No.  1429,  p.  1050,  1888. 
2"  Meissner,  Schmidt's  Jahrbiicher,  clxv.  289,  1875. 

John  Guiteras,  Philad.  Med.  News,  April  1886;  Fortschritte  der  Medicin, 
iv.  974,  1886. 

21"  Myers,  Wykeham,  Centralbl.  fiir  Bacteriologie  und  Parasitenkunde,  ii.  761, 
1887. 

217  Stephen  Mackenzie,  Lancet,  ii.  398,  18S1.— Patrick  Manson,  o]}.  (iit.—Scheuhe, 
Festschrift  fiir  E.  Wagner,  p.  242,  Leipzig,  188S.— Lancer aux,  Gazette  des  Hdpi- 
taux,  Ixi.  630,  1888. 

218  See  Iloppe-Seyler,  Medic. -chem.  Untersuchungen,  Tubingen,  1867-70.— 
Schneider,  Wiener  medic.  Wochenschr.,  xvii.  No.  14,  99,  102,  1868.— Preyer,  Die 
Blutkrystalle,  Jena,  i87i.—Hoppe-Seyler,'Phjsio\.Chemie,  Berlin,  375-399.  1881.— 
Bollett,  Hermann's  Handb.  der  Physiol.,  iv.  Bd.  i.  p.  38,  i88o.-Landois  and 
Stirling's  Text-book  of  Physiology,  p.  22,  4th  edit.,  1891. 

"9  Teichmann,  Zeitschr.  fiir  ration.  Med.,  iii.  375,  1853,  and  viii.  141,  1857;  also 
Funke,  ibid.,  N.  F.,  i.  185. 

220  Iloppe-Seyler,  I.e.,  Medic.-chem.  Untersuchungen,  p.  44. 

221  Nencki  and  Sieber,  Archiv  fur  experiment.  Pathol,  u.  PharmakoL,  xviu.  401, 
1884  ;  XX.  325,  1886  ;  xxiv.  430,  1888. 

222  Hoppe-Seyler,  Bericlite  der  deutschen  chem.  Gesellschaft,  vn.  lobO,  i»74-_ 

223  0.  le  Nobel,  Centralbl.  fiir  die  med.  Wissensch.,  xxv.  305,  1887  ;  and  Archiv  1 

die  ges.  Phys.,  xl.  501,  1887.  ,  t  •  u-  ■  a 

224  Maly,  Centralbl.  fur  die  medic.  Wissensch.,  ix.  849,  1871 ;  and  Liebig  s  An- 

nalen,  clxiii.  77,  1872. 

225  Virchow,  Vircliow's  Archiv,  i.  379,  1847. 

226  LcUschcnberger,  Sitzungsberichte  der  k.  Akademie  (Vienna),  xcvn.  2,  ibSb 
(pub.  Sep.). 

227  Eoppe-Seyler,  Physiol.  Chemie,  p.  391.    Berlin,  iSbi. 

228  Jdderholm,  Zeitschr.  fiir  Biologic,  xiii.  193,  1877.  ^  ,  ^  , 

229  See  Bohm,  Ziemssen's  Handbuch,  xv.  158,  2nd  edit.,  i88o.-Zm<n,  Lehrbuch 
der  Toxikologie,  p.  23.  Wien,  1885. -Hoppe-Seyler,  Virchow's  Archly,  xi.  28b, 
i8=;7  -For  additional  information,  see  Husemann's  Handb.  der  Toxikologie.-J. 
Jdderholm,  Die  gerichtlich-medicinische  Diagnose  der  Kohlenoxydvergiftung, 

'^li' Hoppc-Seyler,  Virchow's  Archiv,  xiii.  104,  i85S.-0«o,  Anleitung  zur  Aus- 
mittlung  der  Gifte,  p.  246,  6th  edit.,  1884.  .      ..      ^  „„„ 

231  E.  Salkorvski,  Zeitschrift  fiir  physiolog.  Chemie,  xii.  227,  1888. 

583  Kuniyosi  Katayama,  Virohow's  Archiv,  cxiv.  53,  1S8S. 


(JHAPTER  1. — THE  BLOOD. 


399 


KunM,  Sitz.  d.  phj-s.  med.  Gosellschaft  zii  Wiirzburg,  ix.,  Sitzung  vom  28 
April  i88S.— .-1.  Wetzel,  Inaug.  Diss.,  Wurzbiirg,  1889. 

Rubner,  Ai'chiv  f.  Hygiene,  x.  155,  1890. — Dreser,  Archiv  f.  experimentelle 
Pathologic  u.  Pharmakologie,  xxix.  119,  1891. 

-33  Hoppe-Seiiler,  Physiolog.  Chemie,  op.  cit,  p.  386. 

^  Leiuin,  Virchow's  Archiv,  Ixxiv.  220,  1878 ;  and  Lehrbuch  der  Toxikologie, 
p.  4S. 

'-^'^  Preyer,  Centralbl.  fiir  die  medic.  Wissenschaft,  v.  259  and  273,  1867. 
"^^  Hoppc-Seijler,  Physiolog.  Chemie,  I.e.,  p.  385. 
-'^  Marchand,  Virchow's  Archiv,  Ixxvii.  488,  1879. 

Stohvis,  Archiv  fur  experiment.  Pathologic  und  Pharmakologie,  xxi.  169, 
1886. — A.  Bokai,  Deutsche  med.  Wochenschr.,  xiii.  42,  1887. 

^1  Marchand,  Archiv  fiir  esperim.  Pathol,  und  Pharmakol.,  xxiii.  273,  347,  1887. 
— Cahn,  ibid.,  xxi  v.  180,  1887. 

Lenhartz,  Deutsch.  med.  Wochenschr.,  xiii.  9,  1S87. — Hammer,  Prager  med. 
Wochenschr.,  xiii.  275,  188S. — Dittrich,  Archiv  f.  experiment.  Pathol,  u.  Pharma- 
kol., xxix.  247,  1 89 1. 

Hoppe-Seyler,  Physiolog.  Chemie,  p.  476. 
^  O.  Hayeni,  Compt.  rend.,  cii.  698,  i886. — Fr.  MiiUer,  Deutsche  med.  Wochen- 
schr., xiii.  27,  1887. 

Filehne,  Archiv  fur  experiment.  Pathologic,  ix.  329,  1878. — Zewin,  Virchow's 
Archiv,  Ixxvi.  443,  1879. 

See  Ponfick,  Verhandlungen  des  Congresses  fiir  innere  Medicin,  ii.  205,  1883. 
— Stadelmann,  Archiv.  fiir  experiment.  Patholog.  und  Pharmakol.,  xv.  337,  1S82  ; 
xvi.  118,  225,  1884. — Afanassiciv,  Zeitschr.  fiir  Idin.  Med.,  vi.  281,  18S3. 

Thudichuni,  Journal  fiir  prakt.  Chemie,  civ.  257,  1S6S. — Maly,  Jahresbericht 
fur  Thierchemie,  xi.  126,  1882. — Oh.  A.  MacMunn,  Maly's  Jahresbericht  fiir  Thier- 
chemie,  xi.  210,  1882. — C.  Vierordt,  Zeitschrift  fiir  Biologic,  x.  21  and  399,  1S74. 

-■■^  F.  V.  JaTcsch,  Verhandl.  des  Congresses  f.  innere  Med.,  x.  353,  Wiesbaden, 
1891. 

E.  Heriwj,  Prager.  medic.  Wochenschrift,  xi.  97,  1S86. 
-50  Mascheh,  ibid.,  xi.  185  and  197,  1886. 

Hoppe-Seyler,  Handb.  der  physiol.  u.  patholog. -chem.  Analyse,  5th  edit., 
p.  421,  18S5. 

Hoppe-Seyler,  ibid.,  p.  432. 

E.  Lud^vig,  Wiener  medic.  Wochenschrift,  xxxi.  122, 1881.—  V.  Jahsch,  Zeitschr. 
fiir  klin.  Medic,  vi.  413,  1883. 

^  Devoto,  Kivista  clin.  archivio  italiano  de  clin.  med.,  xxx,  11  (pub.  sep.), 
1891. 

Picard,  Virchow's  Archiv,  xi.  1S9,  1857. 
^'"^  H.  Schiff,  Berichte  der  deutsch.  chem.  Gesellschaft,  x.  773,  1877. 

Z.  V.  Udransky,  Zeitschr.  f.  physiol.  Chemie,  xii.  355,  377,  18S8. 
-^8  Hoppe-Seyler,  Handbuch,  p.  140. 

"'^  Haycraft,  from  Gamrjee,  quoted  by  Falfc,  Chn.  Chem.,  p.  87. 

V.  Schroder,  Archiv  f.  experiment.  Patholog.  u.  Pharmakol.,  xv.  375,  1882. 
-'^  A.  B.  Garrod,  Med.  and  Chirurg.  Trans.,  xxxi.  183,  1848;  xxxvii.  49,  1854; 
The  Nature  and  Treatment  of  Gout,  Schmidt's  Jahrbiicher,  ex.  124,  1861. 
-8-  Abcles,  Medicinische  Jahrbiicher,  ii.  497,  1887. 

Salomon,  Charitd-Annalen,  v.  137,  1880;  Zeitschr.  f.  physiol.  Chemie,  ii  6<, 

1878. 

F.  V.  Jaksch,  Zeitschi-.  f.  Heilkunde,  xi.  415,  1890. 
'■'^^  Hoppe-Seyler,  Haudbuch,  pp.  142  and  419. 

R.  V.  Jaksch,  Zeitschr.  f.  Heilkunde,  xi.  438,  1890. 
F.  V.  Jaksch,  ibid.,  xi.  424. 


400 


BIBLIOGRAPHY. 


-"8  /.  Ilorhaczewski,  Sitzb.  d.  k.  Akad.  Wien,  c,  pt.  iii.,  i8gi. 
Claude  Bernard,  Lemons  sur  le  Diabdto.    Paris,  1877. 
Abeles,  Zeitscbr.  f.  physiol.  Chemie,  xv.  495,  1891. 
V.  Jahsch,  Zeitsclir.  fur.  klin.  Medic,  xi.  20,  1886. 
Pamj,  Ilalfc,  Clin.  Chem.,  p.  88. 

Claude  Bernard,  Beaunis,  Nouv.  Elements  dc  Physiol.,  3rd  ed.,  p.  138,  r888. 
Seegen,  in  Pfliigcr's  Archiv,  xxxiv.  1884;  xxxvii.  1885  ;  xxxix.  1886. 
'^^  BopiK-Scyler,  Physiolog.  Chemie,  I.e.,  p.  430. 

-7B  Frcund,  Wiener  medic.  Blatter,  viii.  26S  and  873, 1885 ;  and  Matray,  ibid.,  p.  81 5. 
Trinkler,  Centralbl.  f.  d.  med.  Wissenschaft,  xxviii.  498,  1890. 
^TaZomon,  Deutsche  med.  Woclienschr.,  iii.  92,  421,  1877.— v.Frcrichs,  Zeitschx. 
f.  klin.  Med.,  vi.  33,  1885  ;  Ueber  Diabetes.    Berlin,  1884. 

27»  Gabritschewsky,  Archiv  f.  experiment.  Pathol,  u.  Pharmakol.,  xxviii.  272,  1891- 

Freund,  Wiener  medic.  Jahrbiicher,  i.  335,  1 886. 
281  Baumann  and  v.  Udransky,  Berichte  der  deutsch.  chem.  Zeitschr.,  xxi.  2744, 
1888.    Compare  Chapter  on  Urine. 
283  V.  Jaksch,  Zeitschr.  fiir.  klin.  Medic,  xi.  307,  1886. 

283  Boppe-Seyler,  Handbuch  der  physiolog.  und  patholog.  chemischen  Analyse, 
I.e.,  p.  103.— Berlincrblau,  Aichiv  fur  experiment.  Patholog.  und  Pharmakolog.,  xxiii. 
333,  1887.    See  Chapter  on  Urine. 

284  Hourjmnenq,  Maly's  Jahresbericht,  xvii.  430,  1888. 

285  Hoppe-Seyler,  op.  cit.,  p.  399. 

2a6  Peitenkoffer,  Annalen  der  Chemie  u.  Pharmacie,  Ui.  90,  1844. 
•-87  Jf^ZiMs,  Zeitschr.  fllr  physiolog.  Chemie,  xi.  492,  1887. 
■'88  L.  V.  Udransky,  see  (257). 

28!)  Mackay,  Archiv  fiir  experimentelle  Pathol,  u.  Pharmakol.,  xix.  269,  1885. 

290  On  the  subject  of  cholEemia,  see  Ponfiolc,  ^.  Ziemssen's  Handb.,  vol.  viii.  pt.  i. 

p.  12,  edit,  of  1880. 

291  R.  V.  Jaksch,  Verhandl.  des  Congresses  f.  innere  Med.,  x.  353,  1891. 

292  Silbcrmann,  Archiv  fiir  Kinderheilkunde,  viii.  401,  1887. 

293  Harveian  Oration,  Eoyal  Coll.  Physicians,  1888,  British  Med.  Journal. 

294  Ch.  Bouchard,  Compt.  rend.,  cii.  669,  727,  1127,  1886;  and  Lecons  sur  les 
Auto-intoxications  dans  les  Maladies.    Paris,  1887. 

295  Eorbaczewski,  Wiener  Med.  Jahrbiicher,  389,  1S83. 

296  F.  Jaksch,  Zeitschr.  fiir  klin.  Med.,  xiii.  350,  1888.— Peipcr,  Virchow's  Archiv, 

cxvi.  337,  1889. 

297  R,  V.  Jaksch,  Zeitschr.  f.  Heilkunde,  xi.  433,  1890. 

298  V.  Jaksch,  Ueber  Acetonurie  und  Diaceturie.    Berlin,  1885. 

299  E.  Wanach,  Inaugural  Dissertation.    St.  Petersburg,  1888. 

3w  Schenk,  Anatom.-physiol.  Untersuchungen,  p.  10.    Vienna,  1S72. 

3"!  Freund,  Wiener  medic.  Wochenschr.,  xxxvii.  10,  40,  1887. 

392  IToppe-Seyler,  Handbuch  der  physiolog.  und  pathol.  chem.  Analyse,  l.c,  p.  316 
and  423.— Rollett,  Hermann's  Handb.  der  Physiol.,  vol.  iv.  pt.  i.,  p.  124.— Landois 
and  Stirling,  ^.th  edit.,  1 89 1. 

303  7.  Limbeck,  Grundriss  einer  klin.  Pathol,  des  Blutes.    Jena,  1892. 


CHAPTER  11. — THK  JiUCCAL  .SECRETION. 


CHAPTER  II. 

T  HE    BUCCAL    S  15  C  H  E  T  1  O  N . 

*  Ileidcnhain,  Hermiinn's  Hiuidbuch,  v.  i,  1S83  ;  il/ii/j/,  ibid.,  v.  2,  1S81  ;  as  also 
Stickci;  No.  297  of  Volkiuann's  Clinical  Series,  Leipzig,  18S7  ;  Die  Bedeutung  des 
Mimdspeichcls  in  ph3'siologischcn  und  pathologischen  Znstiinden.    Berlin,  1889. 

-  W.  D.  Miller,  Die  Mikro-organismon  der  Mundhiihle,  p.  54,  60.   Leipzig,  1889. 

^  Lewis,  Lancet,  ii.  513,  1S84. — MZZcr,  Deutsche  medic.  Wochenschr.,  xi.  138  and 
S43,  1885. 

Vifjnal,  Archives  de  Physiologic,  viii.  325,  18S6,  and  x.  285,  1887,  where  also 
abundant  references  will  be  found.    See  also  Le  Th.  David,  Les  Mikrobes  de  la 
Bouche.    Paris,  1S90. 
•'■  D.  Biondi,  Zeitschr.  fur  Hygiene,  ii.  194,  1887. 

"  W.  B.  Miller,  Inaug.  Diss.,  Berlin,  1887  ;  Schmidt's  Jahrbuch,  ccxvii.  122,  1888. 
"  MilUr,  Centralbl.  fur  Bacteriologie  imd  Parasitenkunde.  i.  47,  1887. 
^  Miller,  Die  Mikro-organismen  der  Mundhohle,  p.  206. 

"  L'offlcr,  Mittheilungen  aus  dem  Kais.  Gesundheitsamte,  ii.  480.  —  FcHer,  Cen- 
tralbl. f.  klin.  Med.,  xi.  ir,  321,  1890.—^.  Mery  and  P.  Boullochc,  Fortschritte  der 
Medicin,  ix.  851,  iSgi.—Sanarclli,  Schmidt's  Jahrbiicher,  ccxxxii.  125,  1891. 

Frdnkcl,  Deutsche  med.  Wochenschr.,  xiv.  443,  1S88. 

Eiilz,  Zeitschi-.  fur  Biologie,  xxiii.  321,  1887. 
^'  Colosanti,  Maly's  Jahresbericht,  six.  72,  1890. 
"  //.  Schiiesinrjer,  Virchow's  Archiv,  cxxv.  146,  350,  1891. 
"  Griess,  Berichte  der  deutschen  chem.  Gesellschaft,  xi.  624,  1S78. 
1°  L.  Weiss,  Centralbl.  f.  klin.  Med.,  xi.  807,  1890. 
'"^  J.  Schramm,  Berl.  klin.  Wochenschr.,  xxiii.  S43,  1886. 
"  Sallioivski,  Virchow's  Archiv,  cix.  358,  1887. 
"  Ealfe,  Clin.  Chem.,  p.  176. 
1^  See  3Ial!/,  Hermann's  Handbuch,  I.e.,  v.  2,  8. 

-o  Fleischer,  Verhandlungen  des  Congresses  fiir  innere  Med.,  ii.  119,  18S3. 

-1  Boucheron,  Compt.  rend.,  1881. 

-■-  Rosenhach,  Centralbl.  f.  klin.  Med.,  xii.  145,  1891. 

Ralfe,  Clin.  Chem.,  p.  177. 
-■^  Samuel  Femoicl,  The  Saliva  as  a  Test  for  Functional  Disorders  of  the  Liver, 
London,  1SS7. 

E.  PranM,  Virchow's  Archiv,  cxiii.  484,  i8S8. 

Fruhivald,  Jahrbuch  f.  Kinderklinik,  xxix.  200,  1889.— Zc  Th.  David,  Les 
Mikrobes  de  la  Bouche,  p.  161,  iSgo.—JT.  Ranke,  Jahrbuch  f.  Kinderheilkunde, 
xxvii.  309,  1 888. 

See  Kehrer,  Ueber  den  Soorpilz,  Heidelberg,  1885,  where  is  given  a  full 
account  of  the  literature  of  the  SMhj&ct.—Baiuivjavten,  Jahresbericht  iibor  die 
Fortschritte  in  der  Lehre  von  der  pathog.  Mikro-organismen,  i.  145,  18S5  ;  ii.  330, 
1886  ;  iii.  318,  1887  ;  iv.  303,  1888  ;  v.  420,  iSSg.—Flurjrje,  I.e.,  p.  119. 
A.  Freudenhenj,  Centralbl.  fiir  klin.  Medicin,  vii.  No.  xl.,  1886. 
=»  Rees,  A.  de  Barif,  Vergleichende  Morphologie  und  Biologie  der  I'ilze,  |).  4oq. 
Leipzig,  1884.  >  3 

3"  Orawitz,  Virchow's  Archiv,  Ixx.  566,  1877,  and  Ixxiii.  147,  1S78. 
^■^  Plant,  Baumgarten's  Jahresbericht,  &c.,  I.e.,  i.  149,  1SS6. 

Baginshj,  Deutsche  medic.  Wochenschr.,  xi.  866,  1885. 

Klemperer,  Centralbl.  fiir  klin.  Medic,  vi.  849,  1885. 

Flilr/i/c,  I.e.,  p.  119. 


402 


BIBLIOGRAPHY. 


^5  Plaut,  Centralbl.  filr  Bacter.  nnd  Para.sitenkunde,  i.  527,  1887  (ref.). 
'•"^  Hauaer,  Deutscbes  Archiv  fiir  klin.  Med.,  xlii.  127,  1887. 
^'  Miller,  Die  Mlkro-organismen  der  Mundliohlc,  p.  54. 
■«*  Zopf,  Die  Spaltpilze,  p.  103,  1886. 

Schech,  MUnchncr  med.  Wochensclir.,  xxxiv.  254,  i887. 
■i^'  Jloth,  Wiener  med.  Presse,  xxviii.  897,  1887. 

BickhiKon,  Lumleian  Lectures,  1888. 

Roux  and  Versin,  Baumgartcn's  Jahresbericht,  iv.  234  (ref.),  1889;  v.  215 
(ref.),  iSgo—ZarnUco,  Centralbl.  f.  Bacterid.  11.  Parasitenkunde,  vi.  153,  178,  224, 
iSSg.—Spronck,  Wiiitgens,  and  van  den  Brink,  Centralbl.  f.  d.  med.  Wissensch., 
xxviii.  363  (1890).— A'o^M/to  and  Paltauf,  Wiener  klin.  Wochenschr.,  ii.  147,  1889. 
—Escherich,  Centralbl.  f.  Bacterid  u.  Parasitenkunde,  vii.  8,  1890 ;  Pildiatrische 
Arbeiten,  p.  302,  Berlin,  1890.— A7c'i?i,  Centralbl.  f.  Bacteriol.  u.  Parasitenkunde, 
vii.  489,  521,  i8go.— Beck,  Zeitschr.  f.  Hygiene,  viii.  434,  1890. 

«  Loffler,  Mittbeilungen  aus  dem  kaiserlichen  Gesundheitsamte,  ii.  421,  1884; 
and  Centralbl.  fiir  Bacteriologie  und  Parasitenkunde,  ii.  105,  1887  (ref.) ;  vii.  528, 
1890. 

«  G.  V.  Hofmann  Wellenhof,  Wiener  med.  Wochenschr.,  xxxvm.  Nos.  3  and  4, 
1888  (Supplement). 

«  Brieger  and  Fracnkel,  Berliner  klin.  Wochenschr., No.  ii.  i8go.— Wasscrmann and 
Froskaucr,  Deutsche  med.  Wochenschr.,  xvii.  585,  1891  ;  other  references  to  the 
literature  are  given  in  Baumgarteu's  Jahresbericht,  iv.  234,  1889  ;  v.  211,  1890. 
Bcujinaky,  Archiv  f.  Kinderheilkuude,  xii.  421,  1891. 

^'  Peters,  Berlin,  klin.  Wochenschr.,  xxv.  420,  1888. 

«s  Th.  Hcriwj,  Zeitschr.  fiir  klin.  Med.,  vii.  358,  1884. 

49  0.  Ohiari,  Revue  mens,  de  Laryngologie,  No.  10  (Sup.),  i887.-See  also  Decker 
and  Seifert,  Sitz.-ber.  der  phys.-med.  GeseUschaft.  Wiirzburg.  II.  Sitz.,  Jan.  7, 
1888. 


CHAPTEE  III. 

THE    NASAL  SECRETIOX. 

1  E.  Weihel,  Centralbl.  f.  Bacteriologie  und  Parasitenkunde,  ii.  465,  1887. 

2  See  Eeimann,  Baumgarten's  Jahresbericht,  iii.  41 7>  1888  (r^f-)- 

3  Nothnagel,  Wiener  med.  Blatter,  Nos.  6,  7,  8,  1888. 
■1  E.  Frdnkel,  Virchow's  Archiv,  xciv.  499,  1882. 

5  Hajek,  Baumgarten's  Jahresbericht,  iii.  416,  18S8  (ref.). 

6  Lowenherg,  Deutsche  medic.  Wochenschr.,  xi.  6,  1885. 

7  Tost,  Deutsche  medic.  Wochenschr.,  xii.  161,  18S6. 

8  Zmwn&eiv,  ibid.,  xii.  446,  1886. 

9  M  V  Schrotter  and  Winkler,  Beitrag  zur  Pathologic  der  Coryza.   ^  lenna,  1890, 

10  Sehubert,  Archiv  fiir  klin.  Medic,  xxxvi.  162, 1885  ;  Berliner  klin.  Wochenschr., 

No.  39,  1889.  . 

11  Proskauer,  Zeitschr.  f.  Ohrenheilkunde,  xxi.  311.  1S91. 

'  12  B.  Frankel,  v.  Ziemssen's  Handbuch,  iv.  i,  189,  2nd  edit.,  1879. 
13  Lcyden,  Deutsche  med.  Wochenschr.,  xvii.  1085,  1897. 
"  Sticker,  Zeitschr.  f.  klin.  Med.,  xiv.  8,  1S88. 

15  Levy,  Berliner  klin.  Wochenschr.,  xxviii.  816,  84S,  1891- 

16  0  Udnri  Wiener  medic.  Wochenschr.,  xxsv.  1397  and  1461,  ^S.-Seifat 
Sitzung.sberichte  der  Wiirzb.  phys.-med.  GeseUschaft,  1885,  HtH  session  ;  and 
Yolkmann's  Sammlung  klin.  Vortriige,  204. 


CHAPTER  IV.  THE  SPUTUM. 


403 


CHAPTER  IV. 

THU  SPUTUM. 

'  For  an  exhaustive  account  of  the  literature  on  this  subject  up  to  the  year  1855, 
see  ^1.  Bkrmcr,  Die  Lehre  vom  Auswurfe,  Wlirzburg,  1855  ;  and  for  later  contri- 
butions, von  Ziemssen's  Handbuch  (the  chapter  on  Diseases  of  the  Lungs  and 
Bronchi),  also  Troup,  The  Sputum  :  its  Diagnostic  and  Prognostic  Significations, 
18S8.    Further  recent  literature  will  be  referred  to  in  the  text. 

-  H.  Kossel,  Zeitschr.  fiir  klin.  Medicin,  xiii.  152,  18S8. 

s  Kroriig,  Verhandl.  des  Congresses  f.  innere  Med.,  x.  407.    Wiesbaden,  1891. 

Guhritscheivsky,  Deutsch.  med.  Woch.,  Oct.  22,  1891. 
°  See  Biermcr,  p.  50. 

"  Henle  and  Buhlmann,  see  Bicrmer,  p.  34. 

"  See  Priedlander,  Untersuchung  iiber  Lungenentziindung,  I^-JT^.—Amhurgcry 
Petersburger  med.  Wochenschr.,  xii.  13,  1^,76.— Hciller,  Wiener  med.  Wochenschr.' 
xxvii.  1 185  and  1219,  1877.— ^/c/iAo?-s<,  Lehrb.  der  physikal.  Untersuchung  innerer 
Krankh.,  i.  381,  1S86,  2nd  edit.— Tj-oitp,  The  Sputum,  1888,  pp.  207-211. 

^  Bizzozero,  I.e.,  p.  202. 

"  Virclioiv,  Virchow's  Arcliiv,  vi.  562,  1854. 

J"  Panizza,  Arcbiv  fiir  klin.  Medic,  xxviii.  343,  1881. 

"  Buhl,  Lungenentziindung,  Tuberculose,  Schwindsucht.    Munich,  1872. 
Guttmann  and  Smidt,  Zeitschr.  fur  klin.  Medic,  iii.  124,  18S1. 
Troup,  The  Sputum,  p.  210. 

"  F.  A.  Hoffmann,  Archiv  f.  klin.  Med.,  xlv.  252,  18S9. 

'5  Soramerhrodt,  Virchow's  Archiv,  Ix.  165,  1872;  Berliner  klin.  Wochenschrift, 
xxvi.  1025,  1889. 

1"  Lenhartz,  Deutsche  med.  Wochensclu.-.,  xv.  1039,  1889. 

Kronig,  Charite-Annalen,  xv.  227,  1890. 
^8  Leyden,  Virchow's  Archiv,  liv.  328,  1872. 

"  Curschviann,  Archiv  fur  klin.  Medic,  xxxii.  i,  1883.  Further,  Ungar  and 
Curschmann,  Verhandl.  d.  Congresses  f.  inn.  Med.    Wiesbaden,  i.  162.  192  1S82 

^0  0.  Vierordt,  Berlin,  klin.  Wochenschr.,  xx.  473.  1883.    V.  Jaksch,  Centralbl. 
fiir  klin.  Medic,  iv.  497,  1883.    Pel,  Zeitschr.  fiir.  klin.  Medic,  i.x.  29,  1885.  ^ 
Sangei;  Festschrift  zur  Eroffnung  des  neuen  allgemein  Krankenhauses  zu  Ham- 
burg.   Eppendorf,  1889  (sep.  pub.). 

21  Leioy,  Zeitschr.  f.  klin  Med.,  ix.  522,  1885. 
=2  Troup,  Edin.  Med.  Journ.,  Dec  1885  ;  "The  Sputum,"  i888. 
Kovucz,  AViener  klin.  Wochenschr.,  iv.  41,  1891. 
Czermak,  ibid.,  iv.  37S,  1891. 
=  '  Fr.  Miiller  and  Schmidt,  see  Leyden,  I.e.— Gollasch,  Forischritte  der  Medicin 
vii.  361,  iS8g.-~Fivk,  Inaug.  Dissert.,  Bonn,  1S90. 

Leyden,  Deutsche  med.  Wochenschr.,  xvii.  1085,  1891. 
A.  Hilber,  Zeitschr.  f.  klin.  Med.,  xvii.  341,  1890. 
J  Friedreich,  Yirohov^'s  Archiv,  ix.  613,  1856;  x.  201  and  507,  1856;  and  xx.x. 
300,  1 064. 

Virchow,  Virchow's  Archiv,  ix.  557,  1856. 
^  Lichtheim,  Berlin,  klin.  Wochenschr.,  xix.  129  and  147,  ,882;  and  Zeitschr. 
f.  khn.  Medic,  vii.  140,  1884. 

,/\*;('f.7,'^'"^*''^™8^^"        <iem  kai.serlichen  Gesundheitsamte,  ii.  208,  22X 
(for  full  bibhography  on  the  occurrence  of  moulds  in  diseased  lungs,  1S84) 
smi,  Virchow's  Archiv,  cxxii.  424,  1890. 


404 


BIBLIOGRArHY. 


3'  Pultauf,  Virchow's  Archiv,  x.  543,  1885.— //tw/i,  Ai-chiv  fur  experira.  Pathol., 
xxi.  269,  ik%6.— Ross,  Centralbl.  f.  Bacteriol.  ii.  Parasitenkunde,  ix.  506,  1891. 
Virchoio,  Virchow's  Arcliiv,  ci.  401,  18^6.— FriedreirJi,  ibid.,  xxx.  390,  1864. 

as  See  Falkenheim,  Archiv  fiir  experiment.  Pathologie,  xiv.  339,  1885. 

3^  FiHcher,  Deutsche-s  Archiv  fiir  klin.  Medic,  xxxvi.  344,  1885  (with  further 
motices).— //anser,  Deutsches  Archiv  fiir  klin.  Medic,  xlii.  127,  1888. 

^■^  Pansini,  Virchow's  Archiv,  cxxii.  424,  1890. 

Leydcn  and  Jafe,  Deutsches  Archiv  fiir  klin.  Medic,  ii.  488,  1867. 

s*?  B.  Koch,  Erster  Congress  fiir  intern.  Medicin,  Wiesbaden,  i.  56,  1882  ;  Ber- 
liner klin.  Wochenschr.,  xix.  21,  1882;  Mittheilungen  aus  dem  kais.  Gesund- 
heitsamte,  ii.  i,  1884,  Berlin. 

38  The  literature  on  the  tiibercle  bacillus  has  increased  greatly  of  late  years. 
Here  it  must  suffice  to  refer  the  reader  to  Flilnae,  l-c,  P-  I5  ;  Weichselbaum,  Cen- 
tralbl. fiir  Bacteriologie  und  Parasitenkunde,  iii.  496-750,  1888  ;  and  Baumgartcn, 
Jahresberiobt,  iv.  158,  1889  ;  V.  247,  1890.  ov^  , 

39  Lul-.  Monatshefte  fiir  prakt.  Dermatol.  Erganzungsheft,  1.  77,  me.^Ama,. 
Baumgarten's  Jahresbericht,  iii.  170  (reference),  1888  ;  compare  also  ^zedc-ri  and 
Sigd,  Virchow's  Archiv,  xcviii.  91,  1884,  and  Biedert,  Berliner  klin.  Wochenschr., 

xxiii.  713,  1886.  „,       ^    ,  ,    ,  .„ 

«  fieeCornil  and  Babes,  I.e..  p.  584.-^/'W«.        P-  S4.-Arf!/«J  Crookshanh,  An 

Introduction  to  Practical  Bacteriology,  p.  162,  London,  1886. -^^^e,  Lc.  p.  208. 
41  Neelsen,  Baumgarten's  Jahresbericht  Uber  die  Fortschritte  in  der  Lehre  von 

denpathogenen  Mikro-organism.,  i.  85,  1886.  •••  ^o,  ,c^„  Pw.o.M 

^•^  Czapkivski,  Centralbl.  f.  Bacteriol.  u.  Parasitenkunde,  viii.  685,  iSgc-Franlel, 

Berliner  klin.  Wochenschr.,  xxi.  195.  1884;  Deutsche  med.  Wochenschr  xvm. 

S52    1887.    See  Guntlia;  Wiener  klinische  Wochenschr.,  1.  292,  i^.-Bmlcrt, 

Berliner  klin.  Wochenschr.,  xxiii.  Nos.  42,  43>  1886  ;  xxiv.  30,  1887. 

«  (?a6&di,  Lancet,  April  1887.  Wor,o,.  vnn 

«  r.  Jaksch,  Prager  med.  Wochenschr.,  xiv.  210,  ligi.-Littcn,  Wienei  khn. 

Wochenschr.,  iv.  415,  1891.  ... 

Kuhne,  Centralbl.  f.  Bacteriol.  u.  Parasitenkunde,  viu  293,  1890. 
^  Gibhcs,  Pract.  Pathol,  and  Morbid  Histol.,  p.  118  ;  and  Lancet,  May  5,  ^>>^y 
Klcbs  Archiv  fiir  experimentelle  Pathol.,  iv.  420,  1875. 

48  Ebertli,  Deutsches  Archiv  fiir  klin.  Medic,  xxviii.  i>  ifi;  . 

49  Koch,  Mittheilungen  ans  dem  kaiserlichen  Gesundheitsamte,  1.  46, 

"""^rledla^^er,  Fortschritte  der  Medicin,  i.  7.6,  1883  ;  and  Virchow's  Axchiv, 
Ixxxvii  319,  1882.  See  also  Cornil  and  Babes,  I.e.,  349. -CrooW-a«t,  l.c,  p.  13^- 
ZZ,aH^,^^l^^^sl..no^^,-  10-17.  .886;  ii.  70,  1887;  in.  33,  x888;  iv.42,1889; 
V.  52,  iSgo.^Fliirjr/e,  l.c,  p.  343-  . 

51  Friedldnder,  Fortschritte  der  Medicin,  111.  757,  iJ^^S- 
A.  Franhel,  see  (108). 

:  1:2::"  —  ,  ^886 ;  also  ibid.,  ii.  3n,  1887 ; 

"^^^■^S;  Si^5.iti^iu;  tnntnis  der  Actinomykose  des  Menschen. 

^"^J^Lsch,  Centralbl.  f .  Bacteriol.  u.  Parasit  enkunde  v.  35^  (refere^^^ 

r>7  Kusche.,  ibid.,  V.  353  (reference).  1889-^^.  Paltauf,  Anzeiger  dei  k.k.  Gesell 

.schaft  der  Aerztein  Wien,  Nc  6,  Feb.  IS,  1886. 

=8  Zeitschrift  fiir  wissenschaftl.  Zoologie,  xhu.  Part  1.,  1886.  xhrn. 

'°^»  SLm««,  St.  Petersburger  Wochenschr.,  xii.  322,  33',  339,  347,  1887. 
Smtschenko,  ibid.,  xiii.  i93-  203,  »888. 


CHAPTER  IV.  THE  SPUTUM.  405 

Kamunherg,  Virchow's  Archiv,  I.kxv.  471,  1S79;  and  Zeitschr.  fiir  klin.  Medic, 
i.  22S,  iSSo. 

EichJiorat,  Lehrbuch  der  physik.  Untersnchiinsfsii'othndcn,  i.  406,  2nd  edit., 
1886. 

Ilochslnger,  Wiener  mod.  Iliitter,  x.  20,  21,  1887. 
Manaon,  see  Chap.  i.  (210). 
^'  Lei/den,  Virchow's  Archiv,  liv.  324,  1872. 
Schremcr,  see  Chap.  i.  (86). 

Ladenbiirg  and  Abel,  Berichte  der  d.  chera.  Gesellscliaft,  xxi.  758,  1888. 
^  Compare  A.  W.  v.  Ilofmann,  ibid.,  xxiii.  3297,  3723,  1890;   W.  Majert  and 
A.  Schmidt,  ibid.,  xxiii.  3718,  1890. 

Friedreich,  see  (27).  -  Zenker,  Schmidt's  Jahrbiicher,  clxxii.  284  (reference), 
1876. 

Bizzozero,  I.e.,  p.  150. 
'1  Troup,  1.0. 

72  Virchoio,  Virchow's  Archiv,  i.  395,  1847.— Friedreich,  ibid.,  xxx.  380,  1864.— 
Schidtzc,  ibid.,  Ixi.  130,  1874. 

'■3  Bicrmcr,  ibid.,  xvi.  545,  1859  ;  and  I.e.,  p.  55. 

"  Leyden,  Volkmann's  Sammlung  klin.  Vortrage,  1 14  and  115. 

Black,  Schmidt's  Jahrbucher,  cv.  305  (reference),  i860. 

Leyden,  Virchow's  Archiv,  Iv.  239,  1872;  and  Ixxiv.  414,  1878. 

R.  Fischer,  Jahresbericht  fur  Thierchemie,  ix.  361  (reference),  1879. 
''8  Filrhrimjer,  Deutsches  Archiv  flir  klin.  Medic,  xvi.  499,  1875. 
■8  Ungar,  ibid.,  xxi.  435,  187S. 
^  H.  Kossel,  see  (2). 

81  See  also  Devolo,  Eivista  clinica,  xxviii.  (sep.  pub. ). 

«-  Hopfc-SeijUr,  Handb.  d.  physiol.  u.  pathol.-chem.  Analyse,  p.  414,  sth  edit. 
Peters,  Prager  medic.  Wochenschr.,  iv.  5,  1864 ;  Schmidt's  Jahrbucher,  cxxiii. 
277  (reference),  1864.— Leyden  and  Juffi,  Deutsches  Ai-chiv  flir  klin.  Medic,  ii 
499,  1867. 

w  Buck,  Dissert.,  Wlirzburg,         ~ J acobson.  Dissert.,  Berlin,  1889. 

Hirschler  and  Terray,  Wiener  med.  Presse,  xxxi.  648,  747,  1890. 
8"  Salomon,  Maly's  Jahresbericht,  viii.  55  (reference),  1879. 

87  Filehne,  Aus  den  Sitzungsberichten  der  physikal.-medic  Societat  in  Erlangen 
Sittings  of  nth  June  and  loth  Dec.  iSjy.-Stolnikoiu,  Petersburger  medic  Woch- 
enschr., No.  8,  iSyS.—Stadehumn,  Zeitschr.  f.  klin.  Med.,  xvi.  128,  1889. 

88  Escherich,  Deutsches  Archiv  fiix  klin.  Medic,  xxxvii.  196,  1885. 

89  V.  Bamberger,  Wiirzburger  medic.  Zeitschr.,  ii.  333,  iSGi.'-Beni  Zeitschr.  fur 
Biologie,  XI.  102,  1875. 

Limniczer,  Wiener  med.  Presse,  xix.  666,  711,  750,  791,  811,  18SS. 
■^^  Lobisch  and  r.  Rokitansky,  Centralbl.  f.  klin.  Med.,  xi.  i,  1890. 
•''^  H.  V.  Frisch,  Wiener  medic.  Presse,  xxiv.  1437,  1469,  1883. 
«^  Gabritschewshj,  Deutsch.  med.  Wochenschr..  Oct.  22',  1891" 

1  ''M^•^'^•''"'  Medic,  viii.  375,  iSSs—IAch'theim,  Fortschritte 

cier  Medic,  1.  i,  i883.~Brehmer,  Die  Aetiologie  der  chronischen  Lungenschwind- 
sucht  &c    Berlin,  1885.-^.  See,  Die  bacillare  Lungen-Phthise.  German  edit,  by 
Br.  M.  Salomon,  Berlin,  1886. 
»'  Robert  Koch,  Deutsche  med.  Wochenschr.,  xvi.  1029,  1890 
Z  !;.  •("^'*''''  <:les  Congresses  f.  in.  Med.,  x.  82.    Wiesbaden,  1891. 

Biedert  and  Siegel,  Virchow's  Archiv,  xcviii.  91  1884 
"•s  Nothnagel,  Berl.  klin.  Wochenschr.,  i.  273  and  2S3,  1864. 
■  Rosenbach,  Berl.  klin.  Wochenschr.,  xii.  645,  1875. 
Zopf,  Spaltpilze,  p.  59,  3rd  edit.    Breslau,  1885. 
Renz,  Schmidt's  Jahrbiicher,  cxxiii.  278,  1864. 


4o6 


BIBLIOGRAPHY. 


1"*  Liiiuer,  Berl.  klin.  Wochenschr.,  i.  335,  1864. 

I'W  Feuerstock,  Fortschvitte  der  Medic,  i.  456  (reference),  1883. 

i"-"  Pansini,  Viichow's  Arcliiv,  cxxii.  424,  1890. 

"5  A.  Friinkd,  Zeitsolir.  fiir  klin.  Medic,  x.  401,  and  xi.  437,  1886. 

"8  Weichscihaum,  Wicn.  mod,  Wocliensclirift,  xxxix.  1301,  1339,  1367,  1886. 

1"^  Neumann,  Zeitschrift  fiir  klin.  Medic,  xiii.  73,  1888. 

108  Frdnkcl,  Zeitschrift  f.  klin.  Med.,  xi.  437,  1886. 

109  Weichsclbaum,  see  above  (106). 

11"  Frdnkcl,  Deutsche  med.  Wochenschr.,  xii.  No.  13,  1886. 

111  Pio  Foa  and  Bordoni- Uffreduzzi,  Zeitschrift  fiir  Hygiene,  iv.  67,  1888. 

112  Weichsclbaum,  Fortschritte  der  Medicin,  v.  Nos.  18  and  19,  1887;  and  Wiener 
klin.  Wochenschr.,  i.  573,  595,  659.  188S. 

1"  Goldschmidt,  Centralblatt  f.  Bacteriologie  und  Parasitenkunde,  ii.  649,  1887. 

1'*  For  further  notices  of  pneumonia  cocci  ■.—SeifeH,  Berichte  der  Wiirzburger 
medic  Gesellschaft,  m^.—Platonow,  Mittheilungen  aus  der  med.  Klinik  zn 
Wurzburg  [Gerhardt),  p.  221,  Wiesbaden,  188 S—^fatray,  Wiener  allgem.  medic. 
Zeitung,  xxxi.  217,  i886.—Flilggc,  I.e.,  p.  20^.— Banmgarten,  Jahresbencht,  1.  9, 
1886;  ii.  54,  1887  ;  iii.  33.  1888;  i^-  53>  1889  ;  v.  52,  iZqo.-Weinksclhaum,  Cen- 
tralbl.  f.  Bacteriologie  u.  Parasitenkunde,  i.  553,  587,  18S7. -Knaulhe,  Schmidt  .s 
Jahrb.,  ccxi.  28,  iS86-Dippc,  ibid.,  ccxiii.  35.  i^Sj.-Wolf,  Wiener  medic. 
Blatter,  x.  10-14,  1887. -Baumgarten,  Lehrbuch  der  pathologischen  Mythologie, 
i.  236,  Brunswick,  iSgo.-Levy,  Archiv  f.  experimentelle  Pathol,  u.  Pharmakol., 
xxix.  139,  1891.— Pansmt,  Virchow's  Archiv,  cxxii.  424,  1890. 

115  Kannenherg,  see  (61). 

11"  Stadelniann,  I.e.,  p.  127. 

117  Bonome,  Deutsche  med.  Wochenschr.,  xii.  932,  1886. 

118  HirscUcr  and  Terray,  Wien.  med.  Presse,  xxxi.  698,  747,  1890.  1 
11"  Bouveret,  Schmidt's  Jahrbiicber,  ccxxvii.  152  (reference),  1890. 
i-»  Mcrkel,  Ziemssen's  Handbuch,  i.  p.  501,  2nd  edit.  \ 


CHAPTER  V. 

GASTRIC  JUICE  AND  VOMIT. 

1  On  the  physiology  of  this  subject,  see  Maly,  Chemie  der  Verdauungssafte 
und  Verdauung,  Hermann's  Handb.  der  Physiologie,  v.  2,  p.  37  ;  Eoppe-Seylcr, 
Physiolog.  Chemie,  I.e.,  p.  47.  Verdauung,  p.  I75- 

^  Abelous,  Comptes  rendus,  cviii.  310,  18S9. 

3  Compa;e  also  Wasbutski,  Archiv  f.  experiment.  Pathol.  -^^]^^^f^°''-^^'- 
133  1889  -Zeu6«c/.«>-,  Zeits.  f.  klin.  Med.,  xvii.  474,  ^Sgo.-Kast  Maly  s  Jabie  - 
iericht  xvii.  271  (reference),  ,890.- Strauss  and  Wurtz,  Archiv  de  Med.  experi- 
meTt;Schmidt's  Jahrbiicber,  ccxxv.  X19  (reference).  1890;  Hamburger  Centralbl. 
f.  klin.  Med.,  xi.  425,  i890.-Kabrhel,  Archiv  f.  Hygiene  x.  3S2,  1890. 

4  Jaioorski,  Centralblatt  fiir  klin.  Medic,  tu.  849,  1^86. 

a  Zeubc,  Ziemssen's  Handb.  der  spec.  Pathol,  und  ■'^^^^r^^'^^^':^, 
mann's  Sammlung  klin.  Vortriige,  No.  Ixii.  p.  496  ;  Archiv  fur  klm.  Medic,  xxxiii. 

I,  1883. 

See  Maly,  Hermann's  Handbuch,  I.e.,  v.  2,  p.  41- 

7  Schiils,  Zeitschr.  fiir  Heilkunde,  v.  401,  1884-  . 

8  Mand  Boas,  Virchow's  Archiv,  ci.  3^5,  1886  and  eiv.  2  i  18S8. 

«  See  also  and  7W,  Zeitschr.  fiir  klin.  Medicin,  xni.  i888.-/a.o,.^,, 


CHArXER  V.  CiASTRiU  JUiUE  ANJJ  VUMIT. 


407 


Arcbiv  f.  kliii.  Med.,  xxxiii.  227,  1883.— Other  methods  are  given  in  the  Kussiiui 
translation  of  this  book  by  Profs.  Tschiinowshy,  Jawcin,  and  Prnriz,  p.  426. 
^'^  Edinrjcr,  Deiitschcs  Archiv  f.  klin.  Med.,  xxix.  555,  1881. 

^'  S'piitli,  Miinch  nied.  Wochenschrift,  xxxiv.  51,  1887.—/.  Czi/rnnanski,  Thera- 
peutische  llonatshefte,  i.  265,  18S7. 
^'■^  Bocci,  Moleschott's  Untersuchungen  der  Naturlehre,  xiv.  437,  1891. 

Sahli,  Correspondenzbl.  f.  Schvveizer  Aerzte,  xxi.  (sep.  pub.),  1891. — G'iinsbur;/, 
Deutsche  mad.  Wochenschr.,  xv.  No.  41,  1S89. 

"  Uuppert  and  Schiltz,  Zeitschr.  fur  physiolog.  Chemie,  ix.  577,  1885  ;  and 
Scliutz,  see  (7). 

Schumburg,  Virchow's  Archiv,  xcvii.  260,  1881. 
7ioo,'!,  Centralblatt  fiir  die  med.  Wissenschaften,  xxv.  417,  1887. 
Raudnitz,  Prag.  med.  Wochenschrift,  xii.  24,  1887. 
'8  Johnson,  Zeitschrift  fiir  Idinische  Medicin,  xiv.  240,  1S88. 
Boas,  ibid.,  xiv.  249,  18S8. 
Klemperer,  ibid.,  xiv.  280,  1S88. 

0.  Rosenthal,  Berliner  klin.  Wochenschr.,  xxvi.  No.  45,  18S8. 
--  Johanncssen,  Zeitschr.  f.  klin.  Med.,  xvii.  304,  1S90. 

Sandberg,  Schmidt's  Jahrbiicher,  ccxxili.  256  (reference),  18S9. 
See  Catrin,  Arch,  gen.,  xix.  455,  584,  1887. 

Reichmann,  Berl.  klin.  Wochenschr.,  xix.  606,  1882  ;  xxi.  768,  1884  ;  and  xxiv. 
12-16,  1887. — Sahli,  Corre.sp.-Blatt  der  Schvveizer  Aerzte,  xv.  1885,  quoted  by 
Ricgel. — E.  Schiltz,  Prager  medic.  Wochenschr.,  x.  173,  1885. —  Van  der  Vcldcn, 
Tagebl.  der  58.  Versamml.  dentsch.  Naturforscher,  437,  1885,  Strassburg. — Ricgcl, 
Deutsches  Archiv  fiir  klin.  Medic,  xxxvi.  427,  1885  ;  and  Zeitschr.  fiir  klin.  Medic, 
xi.  I,  1886. 

Riegel,  Deutsche  med.  Wochenschrift,  xii.  52,  18S6  ;  and  Zeitschrift  fiir  klin. 
Medicin,  xii.  434,  1887. 

Xorczynski  and  JaworsH,  Deutsche  med.  Wochenschrift,  xii.  829,  856,  872, 
1886. 

Reichmann,  I.e.,  see  (25). — h'iegel,  Deutsche  med.  Wochenschrift,  xiii.  637, 
1887.— Sticker,  Miinchener,  med.  Wochenschrift,  xxxiii.  32,  33,  1886. 

Boas,  Deutsche  med.  Wochenschrift,  xiii.  519,  548,  577,  1S87. — Honigmann, 
Mlmch.  med.  Wochenschrift,  xxxiv.  951,  972.  994,  1887. 

For  the  estimation  of  acid,  see  B.  Ludivig,  Medicinische  Chemie,  p.  iiS 
Wien-Leipzig,  1S85. 
^1  Eioald,  Klinik  der  Verdauungskrankheiten,  ii.  iS,  18S8.  Berlin. 
3-  Leo,  Centralbl.  f.  d.  med.  Wissenschaft,  xxvii.  No.  27,  1S89  ;  Diagnostik 
der  Krankheiten  der  Verdauungsorgane,  p.  92.    Berlin,  1890. 
^  Leo,  Diagnostik,  p.  114,  1890;  Archiv  f.  d.  ges.  Physiol.,  xlviii.  614,  1891. 
A.  Hoffmann  and  A.  Wagner,  Centralbl.  f.  klin.  Med.,  xi.  713,  1890.— Zfo, 
ibid.,  xi.  S65,  1890. 

3"  Kossler,  Zeits.  f.  physiol.  Chemie,  1891. 

See  R.  Midler,  Schmidt's  Jahrbiicher,  clxxi.  113.  1876;  clxxix.  113,  1S78  : 
and  cxcii.  65,  1^81.— Maly,  Chemie  der  Verdauungssiifte  und  der  Verdauung. 
Hermann's  Handb.  der  Physiol.,  v.  2,  I.e.,  p.  59. 

^"  iMohr,  Zeitschr.  fur  analytische  Chemie,  xiii.  321  (reference),  1874. 
•'^  Ewald  and  Hoas,  see  (8). 

3"  Witz,  Zeitschr.  fiir  analyt.  Chemie,  xv.  108  (reference  from  Pharm.  Central- 
halle,  p.  94,  1875),  1876.— Hilger,  Zeitschr.  fiir  analyt.  Chemie,  xvi.  116  (reference 
from  Pharm.  Centralhalle,  xvii.  257),  1877. 

Maly,  Zeitschr.  fiir  physiol.  Chemie,  i.  174,  1877.— der  Vcldcn,  Zeitschr. 
fur  physiol.  Chemie.  iii.  25,  1879;  Deutsches  Archiv  fiir  klin.  Medic,  xxiii.  369, 
1879;  xxvii.  186,  1880. 


4o8 


BIBLIOGRAPHY. 


Kost,  Dissertation,  Jahresbericht  iiber  die  Lcistungen  und  Foi'tschritte  der 
gcsammteii  Medicin,  xxviii.  136  (reference),  1888. 
*•  Ewald,  see  (31). 

Boas,  Deutsche  med.  Wochensclir.,  xiii.  852,  1887. 
•"  Bouryct,  Kevue  medicale  de  la  Suisse  rornainc  (sep.  pub.),  1888. 

Kuster,  Liikarc  fiirenings  forliandlingav,  xx.  355. — Ilammcrslen,  Maly's  Jahres- 
bericlit  fur  Thiercbemie,  xv.  287  (reference),  1886. 

Hossdin,  Munch,  med.  Wochensclir. ,  xxxiii.  93,  1886. — Riegel,  see  Alt,  Central- 
blatt  fiir  klin.  Medicin,  is.  No.  3  and  No.  13  (sep.  Supplement),  1888. — Alt,  ibid. 
— SticJcci;  Miinch.  med.  Wochenschrift,  xxxiv.  52,  1887.  — Inaugural  Disser- 
tation.   Giessen,  1887. 

See  also  Wurstcr,  Centralbl.  fiir  Physiologic,  i.  No.  11  (sep.  Supplement), 
1887  ;  and  Schulz,  Centralblatt  fiir  die  med.  Wissenschaften,  xxiv.  449,  1886. 

«  Boas,  Deutsche  med.  Wochenschr.,  xiii.  852,  1887. —  Wurster,  I.e.  (47).— 
Gilnzhurij,  Centralblatt  fiir  klin.  Medic,  ix.  185,  1887. 

Giinzhurg,  Centralblatt  fiir  klin.  Med.,  viii.  No.  40,  1887;  ix.  10,  1888;  and 
xi.  913,  1890. — Germain  See  and  Villejeau,  Maly's  Jahresbericht,  xviii.  163  (re- 
ference), 1889. 

60  V.  /a/l'sc/t,  Zeitschr.  f.  klin.  Med.,  xvii.  394,  1890. 

51  Haas,  Miiuchener  med.  Wochenschr.,  xxxv.  76,  96,  1 11,  1888. 

52  See  Schdffer,  Zeitschr.  f.  klin.  Med.,  xv.  162,  1888. 

53  Boas,  Centralbl.  f.  klin.  Med.,  ix.  (sep.  pub.),  1S88  ;  xi.  943,  iSgo.—Pruriz, 
ibid.,  xi.  452  (reference),  1890. 

^  Compare  Giacosa,  Molbuiri,  Santoni,  Maly's  Jahresbericht,  xix.  248  (reference), 

jggo.  Sansoni  and  il/oZinori,  ibid.,  xix.  251  (reference),  1S91.— .3/o?-ife,  Archiv  f. 

klin.  Med.,  xliv.  277,  1889. 

55  JR.  V.  Jaksch,  Zeitschr.  f.  klin.  Med.,  xvii.  394,  1890. 

50  Uffclniann,  Deutsches  Archiv  fur  klin.  Medicin,  xxvi.  431,  1880. 

57  Uffelmann,  Zeitschrift  fiir  klin.  Medicin,  viii.  393,  1884. 

58  Brcschfeld,  Clinical  Diagnosis  of  Cancer  of  the  Stomach,  Medical  Chronicle, 
May  and  June  1886. 

5a  Kahler,  Prager  med.  Wochenschrift,  xii.  271,  279,  1887. 
™  Kraus,  Prager  med.  Wochenschrift,  xiii.  439,  1888. 

61  Bidder  and  C.  Schmidt,  Die  Verdauungssafte  und  der  StofEwechsel,  p.  44,  1852. 
«^  Jiichet,  Du  Sue  gastrique  chez  I'Homme  et  les  Animaux,  ses  Propriety  chimi- 

ques  et  physiol.    Paris,  1878. 

63  V.  Mering  and  Cahn,  Deutsches  Archiv  fiir  klin.  Medic,  xxxix.  233,  1886. 

6^  Eivald,  Klinik  der  Verdauvmgskrankheiten,  ii.  25,  1887.  Berlin. 

"5  Kosslcr,  see  (35). 

Sjijqvist,  Zeitschrift  fiir  physiologische  Chemie,  xiii.  i,  1889. 

fi''  Katz,  Wiener  med.  Wochenschr.,  No.  51  (sep.  pub.),  1890. 

68  V.  Jaksch,  Sitz.  d.  k.  Akad.  der  Wissench.,  xcix.  (sep.  pub.),  1889. 

«'■*  Leo,  Diagnostik  der  Krankheiten  der  Verdauungsorgane,  p.  in,  Berlin, 
1890.— imiMsc/icr,  Congress  f.  in.  Medicin,  x.  3S7,  iSgi. —Pfungen,  Zeitschr.  f. 
klin.  Med.,  xix.  (Supplementary  part),  224,  1891. 
See  Mayer,  Dissert.  Schade.    Berlin,  1890. 

71  V.  Jalcsch,  Wiener  klin.  Wochenschr.,  iv.  205,  1891. 

"  Leo,  Deutsche  med.  Wochenschr.,  xvii.  145,  1891. 

73  Kosder,  see  (35). 

^•i  Rosenheim,  Deutsche  med.  Wochenschr.,  xvii.  1323,  1891. 

75  Salkowski  and  Fawitzkg,  Virchow's  Archiv,  cxxiii.  307,  iSgi.-Salkowsh,  Cen- 
tralbl. f.  klin.  Med.,  xii.  90,  1891. 

76  Boas,  Centralbl.  f.  klin.  Med.,  xii.  34,  1891. 

77  Bourgct,  Schmidt's  Jahrbiicher,  ccxxix.  146  (reference),  1S91. 


CHAPTER  V.  GASTRIC  JUICE  AND  VOMl'l'. 


409 


Wagner,  Archives  dc  physiologie  (3),  Iv.  July  (sep.  pub.),  1S91.— A'o.Wrr, 
see  (35). 

See  Leuhe,  Specielle  Diagnostik,  &c.,  p.  234.    Leipzig,  1S89. 
8"  Kosslei;  see  (35). — Corapare  Dinochowslci,  Internat.  kliii.  Rundschau,  v.  1S81, 
1S91. 

.-1.  Hoffmann,  Centralbl.  f.  klin.  Med.,  x.  793,  1890;      521,  1890. 
A.  Hoffmann,  Verhandl.  des  X.  internationalen  Congresses,  ii.  201.    Berlin. — 
Compare  Heuhncr,  Jahrbuch  f.  Kiiiderlieilkunde,  xxxii.  Parts  i.  and  ii.,  1889. 
Kossler,  see  (35). 

Morncr,  Maly's  Jahresbericlit,  xix.  253  (reference),  1890. — Mints,  Wiener 
klin.  Woclieuschr.,  iii.  No.  2C,  1^90. — Jolles,  Wiener  rued.  Presse,  xxxi.  2008, 1890. — 
Kronfeld,  Wiener  klin.  Wochenschr.,  iv.  46,   1S91. — Czyrniamki,  Wiener  med. 
Wochenschr.,  xl.  No.  20,  1S90. 
*°  Liittke,  Deutsche  med.  Wochenschr.,  xvii.  1325,  1891. 

Morits,  Archiv  f.  klin.  Med.,  xliv.  277,  1S89. —  Wohlvuuin,  Jahrhnch  f.  Kinder- 
heilkunde,  xxii.  297,  1881. —  V.  Jaksch,  see  (71). 
^  V.  Jaksch,  see  (71). 

^  Compare  also  if.  Oeigl,  Aus  den  Sitz.  d.  WUrzburger  phys.  med.  Gesellsch. 
(sep.  pub.),  1S91.— A'.  C.  Kjacrgaard,  Maly's  Jahresbericht,  xix.  258  (reference), 
1890. — Uaycm  and  Winter,  Centralbl.  f.  klin.  Med.,  si.  530  (reference),  1890. — 
Salkmuski  and  Kumagaua,  Virchovv's  Archiv,  cxxii.  235,  1890. 

Immeriiianii ,  Bericht  der  Congresses  f.  in.  Medicin,  viii.  219,  1889. — Schetty, 
Deutsches  Archiv  f.  klin.  Med.,  xliv.  219,  1S90. 

Chelmonski,  Schmidt's  Jahrbucher,  ccxxvi.  134  (reference),  1S90. — Klemperer, 
Berliner  kliu.  Wochenschr.,  xxvi.  11,  1889. — F.  Briegcr,  Deutsche  med.  Wochen- 
schr., XV.  14,  iSSg.—Hildcbrand,  ibid.,  xv.  15,  iSSg.—Schivalbe,  Virchow's  Archiv, 
cxvii.  316,  1889. 
81  Grusdcw,  Centralbl.  f.  klin.  Med.,  xi.  92  (reference),  1890. 

Hilfler,  Miinchener  med.  Wochenschr.,  xxxvi.  561,  1S89. 
9S  Einhorn,  Berliner  klin.  Wochenschr.,  xxvi.  1042,  i88g.—Adlcr  and  Stern, 
Berliner  klin.  Wochenschr.,  xxvi.  1063,  1889. 

Biermacki,  Centralbl.  f.  klin.  Med.,  xi.  265,  1889. 
"5  R.  i:  Jaksch,  Real  Encyclopiidie  der  gesammteu  Heilkunde,  xxii.  90,  1890. 
Lenhartz,  Schmidt's  Jahrbiicher,  ccxxv.  277,  1890;  Deutsche  med.  Wochen- 
schr., Nos.  6  and  7,  1890. 

^  Leo,  see  (32)  and  (33).— 5oas,  Allgemeine  Diagnostik  und  Therapie  der 
Magenkrankheiten,  p.  126.    Leipzig,  1890. 

Krcdel,  Zeitschr.  fiir  klin.  Medic,  vii.  592,  1884. 
Ewald,  op.  cit.,  ii.  27. 

See  also  Grundsach,  Virchow's  Archiv,  xi.  605,  1888. 
Leo,  I.e.,  p.  114. 

Hammarstcn,  Lehrbuch  der  physiol.  Chemie,  p.  164.    Wiesbaden,  1S91. 
Riegcl,  Zeitschr.  fiir  klin.  Medic,  xi.  167,  1886. 
lo-*  Leo,  Centralbl.  f.  d.  med.  Wissensch.,  xxvii.  No.  26,  1S89. 

Klempcrtr,  Charite-Annalen,  xiv.  228,  1889.— F.  Jaksch,  Zeitschr.  f.  klin. 
Med.,  xvii.  393,  1890. 

^o"  Salkowski,  Centralbl.  fiir  die  med.  Wissenschafteu,  xviii.  690,  1880. 
'"^  For  further  particulars  about  these  methods,  see  Hoppe-Scylcr.  Handb.  der 
physiol.-  und  patLol.-chem.  Analyse,  I.e.,  p.  34S-- //uppcrt,  Ncubatur,  and  Vogd, 
Anleitung  zur  Analyse  des  Haras,  &c.,  p.  458,  9th  edit.,  1890. 
Etoald,  Berliner  klin.  Wochenschr.,  xxiii.  825,  846,  1886. 
Ewald  and  Boas,  Centralbl.  fiir  die  med.  Wissensch.,  xxvi.  273,  1S8S. 
Rosenheim,  ibid.,  xxv.  865,  1887  ;  xxvi.  273,  1888  ;  and  Virchow's  Archiv, 
CXI.  414,  1888. 


BIBLIOGRAPHY. 


"1  Pcnzoldl  and  Fabcr,  Bevlinev  klin.  Wochensclir.,  xix.  363,  1882. 
P.  Zwcifd,  Deutsches  Archiv  fur  klin.  Med,  xxxix.  349,  1886. 

"3  Zc'uhc,  Deiitsches  Archiv  f.  klin.  Med.,  xxxiii.  i,  iSS^.—Klempercr,  Deutsche 
med.  Wochenschr.,  xiv.  962,  1888.— <S'(em-s  and  Jkuald,  Therapeutische  Monatsbefte, 
i.  289,  1887.— iW(i,  Deutsche  med.  Wochenschr.,  xv.  211,  1889;  Berliner  klin. 
Wochenschr.,  xxvi.  977,  1889. 

WoUtzky,  Prager  med.  Wochenschr.,  xvi.  355,  1891.— Compare  Pal,  Wiener 
med.  Wochenschr.,  ii.  922,  1889.— 7>eo,  I.e.,  p.  So.— Huber,  Munchener  med. 
Wochenschr.,  xxxvi.  No.  19,  188^.— Decker,  Berliner  klin.  Wochenschr.,  xxvi.  975, 
1S89. 

"°  Boas,  Zeitschr.  f.  klin.  Med.,  xvii.  154,  1890. 

"6  Boas,  ibid.,  isS.—T.schlevoff,  Centralbl.  f.  klin.  Med.,  xi.  60  (reference),  1890 
Boas,  see  (116)  and  Berliner  klin.  Wochenschr.,  xxvii.  20,  21,  23,  1890.— 
Noorden,  Zeitschr.  f.  kliu,  Med.,  xvii.  137,  1890. 

"8  Compare  Boas,  Deutsche  med.  Wochenschr.,  xvii.  S6q,  i2,()\.—MacFudycan, 
NcncU,  Siebcr,  Archiv.  f.  experiment,  Pathol,  u.  Phai-raakol.,  xxviii.  311,  1891. 

W.  do  Bary,  Archiv  fur  experimentelle  Pathologie  und  Pharmakologie,  xxi. 
283,  1886. 

See  Mailer's  Lehrbuch  der  Giihrungschemie,  p.  93.    Heidelberg,  1879. 
1-1  See  MilLcr,  Deutsche  med.  Wochenschrift,  xii.  117,  1886. 

Fischer,  see  Chap.  iv.  (34).-FalJcenhewi,  Archiv  fiir  experimentelle  Pathologie 
imd  Pharmakologie,  xix.  I,  1885. 
^-^  Eioald,  I.e.  (64),  p.  254. 
^'■^  Ewald,  ibid.,  p.  293. 

i-'s  Compare  LiUen,  Deutsche  med.  Wochenschr.,  xiv.  No.  47,  1888.— Z,t«cn  and 
Rosengart,  Zeitschr.  f.  klin.  Med.,  xiv.  573,  i888.-/a!«o«Z;i,  Verhandlungen  d. 
Congresses  f.  in.  Med.,  vii.  272,  iS^S.-Rosenheim,  Berliner  klin.  Wochenschr., 
XXV.  Nos.  SI  and  52,  188S.— (?.  Meyer,  Zeitschr.  f.  klin.  Med.,  xvi.  366,  1890. 
Mathicu,  Eev.  de  Med.,  ix.  708,  1889. 

1-''  John,  Virchow's  Archiv,  cxxii.  271,  1890. 

i    Riecjel,  Zeitschrift  fur  klin.  Med.,  xii.  5,  1887  ;  and  Deutsche  med.  ochen- 
schr.,  xiii.  No.  29,  1887.    See  also  S.  Rothschild,  Maly's  Jahresbericht,  xvi.  245 
(reference),  1 886.  —  Tof/eZ,  Inaug.-Dissertation,  Karlsruhe,  1S87. 
See  Gerhardt,  Deutsche  med.  Wochenschr.,  xiv.  18,  1888. 

"0  Eroald,  I.e.,  p.  202.-Ritter  and  Ilirsch,  see  {9).-JaioorsM,  Munchener  med. 
Wochenschr.,  xxxiv.  117,  139,  1887. 

Lenhartz,  Deutsche  med.  Wochenschr.,  xvi.  Nos.  6  and  7,  1890. 

"2  FAvald,  Zeitschr.  fiir  klin.  Medic,  1.  619,  i88o.-i'<iaZrf  and  Boa^,  see  (no)  ; 
and  Virchow's  Archiv,  civ.  271,  1886. 

"3  Kredd,  Zeitschr.  flu-  klin.  Medic,  vii.  592,  1884. 

iw  Eorczynski  and  Jaivorski,  Deutsche  medic.  Wochenschr-.,  xii,  829,  856,  672, 
1 886 

^^^Cahn,  Verhandl.  des  Congresses  fiir  innere  Med.,  vi.  354,  i887.-/i:o.m6«o/,, 
Centralblatt  fiir  klin.  Med.,  viii.  12,  1887 .  ~ Eon ig maun  and  V  ijoorden,  Zeitschr. 
fur  klin.  Med.,  xiii.  87,  1887. -Sticker,  Centralblatt  fiir  klin.  Med  viu.  34.  iSS?-- 
Kle^iperer,  Zeitschrift  fiir  klin.  Med.,  xiv.  147,  1888.- Haberhn ,  Deutsches  Archiv 

'       a^:;^.'£oSl.  .  kim.  Med.,  ...  SSS,  .S88.-^VaetzhoU,  Charit.- 

^rSC,£l^klin.  wochenschr.,  xvii.  „7,  x88o;  and  Deutsches  Archiv 

^^^^3™:'BSn2^^^^^  3S9,  ^«?o.-^-^B~s 

Congresses  f.  in.  Med.,  i.x.  286,  .Sgo.-Honlgnmnn,  Deutsche  med.  A\  ochen.cluift, 
xvi.  947,  1890. 


CHAPTER  V.  GASTRIC  JUICE  AND  VOMIT. 


'•w  Orundzach,  Berliner  klin.  Wochonschr.,  xxiv.  30,  i88j.—Ewal<l  and  Wolf, 
ibid. 

Gluziiisski,  Deutschcs  Archiv.  f.  klin.  MecL,  xlii.  312,  1S87. 
^"  Knndrat,  Wiener  medic.  Bliitter.,  vii.  1538,  1S84. 

Oerhurdt,  see  Ewuld,  Klinik  der  Vordauungskrankheiten,  ii.  272.  Berlin, 
iSSS.    Other  observations  are  also  given  there  by  Meschcdc,  LiMinski,  Permaud. 

Senator,  Berliner  klin.  Wochenschr.,  xxvii.  141,  iSgo.—Schreibcv,  ibid.,xxvii. 
408,  1S90. 

Hildcbi-andt,  ibid.,  xxvii.  434,  1890. 

See  F.  C.  Schneider,  Die  gerichtliohe  Chemie  fiir  Gerichtsiirzte  uud  Juristen. 
Vienna,  1852.— F/-.  /.  Otto,  Anieitiing  zur  Ausraittlnng  der  Gifte,  6th  edit.  Bruns- 
wick, 1884. — A'.  Ludioirj,  Med.  Chem.,  in  I.e.  (30).  Kohcrt,  Compendium  der  prak- 
tischen  Toxikologie.    Stuttgart,  1887. 

See  E.  Ludwifj,  Medic.  Chemie,  I.e.,  p.  278. 

E.  Ludwig,  I.e.,  p.  289. 

E.  Ludwig,  I.e.,  p.  239. 

E.  Ludwig,  Medicinische  Jahrbiicher,  143,  1877  ;  and  493,  18S0. 
150  Fiirhringer,  Berliner  klin.  Wochenschr.,  xv.  332,  1878. 

F.  C.  Schneider,  Sitzungsberichte  der  kaiserl.  Akademie  der  Wisseuschaften 
(Vienna),  xliv.  255,  i86o. 

Lecco,  Berichte  der  dentschen  chem.  Gesellschaft,  six.  1175,  18S6. 
See  Ludwig,  I.e.,  p.  252  ;  and  Fr.  Otto,  I.e.,  p.  167. 
For  further  methods,  see  J.  Otto,  I.e.,  p.  14;  and  Ludwig,  I.e.,  p.  172. 
1°°  Alt,  Berliner  klin.  Wochenschr.,  xxvi.  560,  1889. 
1="  /.  Otto,  I.e.,  p.  103;  E.  Ludwig,  I.e.,  p.  327  ;  and  Robert,  I.e.,  p.  116. 
^5''  E.  Ludwig,  I.e.,  p.  317. 

Bricger,  Ueber  Ptomaine.  Berlin,  18S5,  iSS6.—0cffinger,  Die  Ptomaine  oder 
Cadaveralkaloide.  Wiesbaden,  1885,  where  are  given  other  notices.—Eugounenq, 
Les  Alcaloides  d'origine  animale.  Paris,  i886.--Bechninp,  Microcymas  et  Microbes, 
&c.  Paris,  iS86.~Kohert,  I.e.,  p.  162.— Armand  Gaulier,  Maly's  Jahresbericht, 
xvi.  523  (reference),  1887. —Bricger,  Virchow's  Archiv,  cxv.  483,  1S89. 
isi*  Ji.  V.  Jalcsch,  Wiener  klin.  Wochenschr.,  iii.  loii,  1890. 

R.  V.  Jahch,  Wiener  med.  Wochenschr.,  1888. 
^«  Fr.  Midler,  Zeitschr.  f.  klin.  Med.,  xvi.  496,  1889. 

Brieger,  Untersuchungen  iiber  Ptomaine,  Pt.  iii.  p.  19,  1886. 
Brieger,  Zeitschr.  f.  klin.  Med.,  xvii.  (Supplement),  253,  1890. 
Baumann  and  v.  Udranslcy,  Berichte  der  dentschen  chemischen  Gesellschaft 
xxi.  2744,  2930,  188S. 

See  for  details,  Brouardcl,  Ogier,  and  Minovici,  Bull,  de  I'Acad.  de  Med.,  li 
26,  1887  ;  Schmidt's  Jahrbiicher,  ccxvii.  4  (reference),  1888. 
Otto,  I.e.,  p.  43,— Ludifig,  I.e.,  p.  55. 

Vavghav,  Zeitschr.  f.  physiol.  Chemie,  x.  146,  1886:  7)/a/»'s  Jahresber.,  xvii. 
57  and  483,  1888. 

"8  Ehrenhcrg,  Zeitschr.  f.  physiol.  Chemie,  xi.  239,  1S87. 

Bricger  and  Friinkel,  Berliner  klin.  Woj.henschr.,  xxvii.  241.  26S,  1S90. 
BcHhclot,  Chem.  Centralbl.,  xi.  (3),  584  (reference),  1871. 
■^l^*'^"'       (I4S)-— ^-  Lwlwig,  see  (145). 
J'-  Vitcdi,  Rivista  di  Chinnca  med.  et  farm.,  I  (sep.  Supplement). 
^■^  Lusigarten,  Monatshefte  fiir  Chemie,  iii.  715,  1882. 

For  the  quantitative  estimation,  see  Chapter  on  the  Urine,  and  also  Lndwin, 
I.e.,  p.  186.  t-  -  J, 

J'''  Jacquemin,  Berichte  der  deutschon  chem.  Gesellschaft,  ix.  1433  (reference). 

1876. 

E.  Lmhovj,  I.e.,  p.  189. 


4  I  2  BIBLIOfiRAPHY. 

^"  A.  Fliickigcr,  Zeitschr.  f.  analyt.  Chernie,  xxviii.  (reference),  1888. 
Jacquemin,  see  Lewin,  I.e.,  p.  182. 
ii'.  Liidioiy,  I.e.,  p.  182. 

For<m«M?i.,  Monatshefte  fiir  Chernie,  vii.  416,  1886. 


CHAPTEK  VI. 

THE  FiECES. 

1  For  the  literature  on  the  subject  see  Nothnagel,  Beitriige  zur  Physiol,  und 
Pathol,  dies  Darmes.    Berlin,  1884. 

-  Widcrho/er,  Jahrbucli  f.  Kinderheilk.,  iv.  256,  1871. 

^  Betz,  Schmidt's  Jahrb.,  cviii.  202  (ref.),  i860. — A.  Vogel,  ibid. — Monti,  see 
Widcrhofer,  I.e.,  p.  257. — ZawiidsH,  Schmidt's  Jalirb.,  ccxvi.  29  (ref.),  1887  ;  ccxxi. 
238  (ref.),  1889. 

■*  Lesage,  Archives  de  Physiologie  normale  et  pathologique,  i.,  4.  Serie,  212,  1888  ; 
see  also  G.  Hayem,  C'entralbl.  fiir  Bacter.  und  Parasitenk.,  ii.  531  (ref.),  1887. 
Pcttcnkofcr,  Annal.  der  Chernie,  xxv.  95,  1884. 

Vanlair  and  Masvus,  Centralbl.  f.  die  medic.  Wissensch.,  ix.  369,  1 87 1. 
5"  Virchow,  Virchow's  Archiv,  lii.  558,  187 1. 
"  Eichhorst,  I.e.,  p.  240. 
9  Nothnagel,  I.e.,  p.  185. 

1"  Littcn,  Berl.  klin.  Wochenschr.,  xxv.  292,  188S. 

Loos,  Prager  med.  Wochenschr.,  xiv.  579,  1890. 
^2  See  also  Kitagawa,  Zeitschr.  f.  klin.  Med.,  xviii.  9,  1890. 
'3  Virchoio,  Virchow's  Archiv,  v.  278,  1853. — Nolhiuigd,  I.e.,  p.  96. 

0.  Kitagaiva,  Inaug.  Dissert.    Wiirzburg,  1889. 
15  jS'otlinagd,  I.e.,  p.  90. 

IS  Compare  also  Kitagaica,  Inaug.  Dissert.    Wiirzburg,  1890. 
"  Vignal,  Diastatic  Ferments,  1889. 

18  MacFadycan,  Internat.  Congr.  of  Hygiene,  Lancet,  Aug.  15,  1891. 

IS  Wyss,  Verhandl.  der  7.  Versammlung  der  Gesellsch.  f.  Kinderheilkunde,  vii. 
149,  1888.  Compare  also  Levy,  Archiv  f,  experiment.  Pathol,  u.  Pharmakol., 
xxix.  148,  1 89 1. 

20  Uffelmann,  Deutsches  Archiv  flu-  klin.  Med.,  xxiv.  437  (447),  18S1. 
-1  See  Mayer,  Gahrungschemie,  p.  93.    Heidelberg,  1879. 

22  Nothnagd,  I.e.,  p.  113.— Brieger,  Zeitschr.  fiir  physiol.  Chernie,  viii.  306, 
iSS^.—  Uffdmann,  see  (20).— L'schcrich,  Fortschritte  der  Med.,  iii.  515,  S47<  18S5; 
and  Die  Darmbacterien  des  Siiuglings,  &c.,  Stuttgart,  1886  ;  Centralbl.  f.  Bacter. 
u.  Parasitenk.,  i.  705,  i&Sj.—Bienstock,  Zeitschr.  fiir  klin.  Med.,  viii.  I,  1S84.— 
Stahl,  Verhandl.  des  Congresses  fiir  int.  Med.,  iii.  193,  1884.— A'uw?,  Fortschr.  der 
Med.,  iv.  144  (ref.),  1SS6.— Miller,  Deutsche  med.  "Wochenschr.  xi.,  138,  843, 
iSS6.—Sucl.sdorf,  Baumgarten's  Jahresb.,  iii.  420  (ref.),  1888. 

23  Prazmowshi,  Untersuch.  iiber  die  Entwicklungsgeschichte  u.  Fermentwirkung 
einiger  Bacterienarten.    Leipzig,  1880. 

2*  lioch,  Ueber  den  Infectionsorganismus  der  Cholera.    Berliner  klin,  Wochen- 
schr., xxi.'477,  493,  509,  1S84;  Deutsche  medic.  Wochenschr.,  x.  499,  519,  1SS4; 
Baumgartcn,  Jahresber.,  i.  109,  1885  ;  ii.  290,  1887  ;  iii-  27S,  1888;  iv.  261,  18S9  ; 
v.  365,  1891  ;  Cornil  and  Bahcs,  I.e.,  p.  467  ;  Crook.hank,  I.e.,  p.  137  ;  ^'W*. 
P-  344- 

25  Neidiauss,  Centralbl  f.  Bacteriol.  u.  Parasitcnkunde,  v.  Si,  18S9. 


CHAFrJiR   VI.  THE  K.EUE.S. 


LSffler,  Ceutralbl.  f.  Eactcriol.  u.  Parasitenkunde,  vi.  224,  1889  ;  vii.  639, 
1S90.    See  also  Friinkel  and  Pfeiffcr,  Mikrophotographisohor  Atlas,  (ig.  96. 

Jfueppe,  Fortschr.  der  Mod.,  iii.  619,  1885. 
^  Babes,  Vircliow's  Archiv,  xcix.  148,  1885.  —  Vundyhc  Carter,  Lancet,  ii.  405, 
1884. — Nicati  and  Rietsch,  Deutsche  mod.  Wochenschr.,  ix.  361,  1884;  and 
Archives  de  Physiol,  norinale  et  pathol.,  xii.  72,  1885.— Fa/i  Ermenr/en,  Iteclierches 
sur  le  Microbe  dn  Cholera  asiatique,  Paris,  1885;  Deutsche  Wochonsclir.,  xi. 
499,  1885  ;  New  Investigations  on  the  Cholera  Microbes,  trans,  by  Dr.  R.  Kakula, 
1SS6;  see  further /yci^cr  for  exhaustive  references  ;  Deutsche  med.  Wochenschr., 
xii.  Nos.  5,  6,  7,  8,  9,  13.  14,  18S6 ;  RosshacJi,  v.  Ziemssen's  Handb.,  3rd  edit.,  vol. 
ii.  p.  32,  1886;  Riedel,  Die  Cholera,  Entstehung,  Wesen  und  Verhiitung  dcrsel- 
ben.    Berlin,  1887. 

SchoUelius,  Deutsche  med.  Wochenschr.,  xi.  213,  1S85  :  see  also  Bi  Vestea, 
Centralbl.  fiir  Bacter.  und  Parasitenk.,  ii.  320  (ref.),  18S8. 

30  Bitter,  Baumgarten's  Jahresber.,  ii.  299  (ref.),  1886. — Rietsch,  Centralbl.  fiir 
Bacter.  und  Parasitenk.,  ii.  654,  1887. 

^1  Poehl,  Berichte  der  deutschea  chem.  Gesellsch.,  xix.  1161,  1886.  Bujwid, 

Zeitschr.  f.  Hygiene,  ii.  52,  18S7  ;  and  Centralbl.  f.  Bacter.  und  Parasitenk.,  iii. 
169,  1888  ;  iv.  494,  1S88.  For  further  literature  see  DvnJiavi,  Zeitschr.  f.  Hygiene, 
ii.  337,  1SS7  ;  Ali-Cohen,  Fortschr.  der  Med.,  No.  17,  1807  ;  for  Zdslein,  Jadassohn, 
consult  Bujioid,  I.e.,  p.  70. 

2-  Brieger,  Deutsche  med.  Wochenschr.,  xiii.  305,  469,  1887. 

33  Salkowski,  Virchow's  Archiv,  ex.  366,  18S8. 
Kitasato,  Zeitschr.  f.  Hygiene,  vii.  519,  1889. 
Cantani,  Deutsche  med.  Wochenschr.,  xii.  89,  1886. 

3"  Brieger,  Berliner  klin.  Wochenschr.,  xxiv.  817,  1887. 

3^  Pouchet,  Compt.  rend.,  xcix.  847,  1884. 

38  Finkler,  Tagblatt  der  Magdeburger  Naturforscherversammlung ;  Deutsche 
med.  Wochenschr.,  x.  36,  1884;  Tagblatt  der  58  Versamml.  deutsche  Natur- 
forscher  und  Aerzte  zu  Strassburg,  p.  438,  1885,— i^tnWer  and  Prior,  Ergiinzungs- 
hefte  zum  Centralbl.  fiir  allgem.  Gesundheitspflege,  i.,  Pts.  5  and  6,  1885. 

33  V.  Ilovorha  and  Winkler.  Baumgarten's  Jahresbericht,  v.  367  (reference),  1890. 
Beneke,  Deutsche  med.  Wochenschr.,  xi.  33,  1885. 

"  Lberth,  Virchow's  Archiv,  Ixxxiii.  486,  1881. 

■I-  Klehs,  Ai-chiv  fiir  experiment.  Path,  und  Pharmak.,  xii.  231,  1S80  ;  xiii.  381, 
—Eppin'jer,  Klebs'  Handb.  der  patholog.  Anatomic,  Pt.  vii.,  edit',  by  Prof.' 
Eppinger,  18S0. 

«  Koch,  Mittheil.  aus  dem  kaiserl.  Gesundheitsamte,  i.  45,  m\.~Mcyer,  Inaug. 
Dissert.  Berlin,  mi.~Friedlander,  Verhandl.  der  Berl.  physik.  Gesellsch.,  i88r 
—Gaiky,  Mittheil.  aus  dem  kaiserl.  Gesundheitsamte,  ii.  -,72,  18S4.— Further  con- 
sult Cornil  and  Bahes,  I.e.,  p.  419  ;  Crookshank,  I.e.,  p.  174;  Fliiggr.  1  c  p  19S  • 
Baumgarten's  Jahre.sber.,  i.  100,  18S6  ;  ii.  150,  18S7  ;  iii.  233,  1888  •  iv.  142,  1880- 
v.  189,  1S90. 


44 


Frdnkel  and  Pfeiffcr,  Mikrophotographischer  Atlas,  pi.  46 
Ga^hj,  i.e.,  p.  384. 

Biroh-IHrschfeld,  Schmidt's  Jahrb.,  ccxv.  288,  1887;  and  Archiv  fiir  Hygiene, 
vii.  342,  1888.  ° 

ibid  ir'^^r  ^"^  Parasitenk.,  iv.  353,  385,  1S8S.— P/y<Z, 


Pfciff'cr,  Deutsche  med.  Wochenschr.,  xi.  500,  1885. 
Chaniemesse  s.m\  Widal,  Archives  de  Physiol., '&c.,  ix.  217,  1887. 
IIolz,  Zeitschr.  f.  Hygiene,  viii.  143,  1890. 
Granchcr  and  Deschamps,  cited  by  I/oh. 
■•-  Nii'jgerath,  Fortschritte  d.  Med.,"vi.  i,  1888. 


414 


BIBLIOGRAPHY. 


Kitusulo,  Zeitschr.  f.  Hygiene,  vii.  515,  1889. 

Compare  also  Heim,  MUncliencr  med.  Wochenschr.,  xxxvi.  408.  1889. — 
Petruscliky,  Centralbl.  f.  Bacteriol.  u.  Parasitenkundo,  vi.  660,  18S9. — Karlinski, 
ibid.,  vi.  65,  1889. — Janoivski,  ibid.,  viii.  167,  193,  230,  262,  417,  449,  1890. 

Buhcs,  Centralbl.  i.  kliu.  Med  ,  xii.  6S2  (ref.),  1S91. — Camulehal,  Centralbl.  f. 
med.  Wissensch.,  xxviii.  678  (ref.),  1890. — Uffehnann,  Berliner  klin.  Wochenschr., 
xxviii.  858,  1891. 

^  E.  Friinkel  and  M.  SimmondH,  Centralbl.  i'llr  klin.  Medic,  vi.  737,  1885  ;  and 
Die  iitiologische  Bedeutung  des  Typluis-bacillus.  Leipzig,  1886.  —C.  Seitz,  Bacteriol. 
Studien  z.  Typhus-iitiologie.    Munich,  18S6. 

°'  Beumer  and  Peiper,  Zeitschr.  fiir  Hygiene,  i.  489,  1886  ;  and  ii.  110, 1887.  See 
further  Sirotmini,  ibid.,  i.  465,  1S86. — E.  Frdnkel  and  M.  Simmonds,  ibid.,  ii.  138, 
1887. — Dreyfuss- Br  issue,  Gaz.  hebdomadaire,  xxiv.  434  yret),  1887. 

Beumer,  Deutsche  med.  Wochenschr..  xii.  No.  28,  1887. — Brouardcl  and  C'hanic- 
mcsse,  Centralbl.  f.  Bacter.  u.  Parasitenk.,  iii.  144  (ref.),  i88S. — Kowalski,  see  Hcitz, 
ibid.,  ii.  681,  724,  751,  1887. — AU-Oohen,  Baumgarten's  Jahresb.,  iii.  149  (ref.),  1888. 

Lichtheim,  Fortschr.  der  Med.,  ii.  i,  1883. 

See  R.  Leuckart,  vol.  i.  Pt.  i.,  2nd  edit.,  p.  221,  1879-86. 

Nothnagel,  I.e.,  p.  no,  where  further  references  will  be  found. 

Grassi,  see  Bizzosero,  I.e.,  p.  134. 

V.  Jaksch,  Wiener  klin.  Wochenschr.,  i.  511,  1S88. — E.  Cohen,  Deutsche  med. 
Wochenschr.,  xvii.  853,  1891. 

Loscli,  Virchow's  Archiv,  Ixv.  196,  1875. 

iajjiiZ,  Prager  Vierteljahresschr.,  Ixi.  i,  1859;  and  further  see  A'ot/uia^eZ,  j).  no. 
Kartulis,  Virchow's  Archiv,  xcix.  145,  1885  ;  Centralbl.  f.  Bacteriol.  u.  Para- 
sitenkundo, ix.  365,  1891.    See  ref.  (174). — iVassuiten,  Centralbl.  f.  Bacteriol.  u. 
Parasitenkunde,  vi.  451  (reference),  18S9. — OsZer,  ibid.,  vi.  736,  1890. — Bock,  Texas 
Medical  Journal  (sep.  pub.),  1891. 

6'  Dressier,  see  Leuckart,  ist  edit.,  p.  •]/^o.—Guhler,  ibid.,  2nd  edit.,  279. — Kjellberg, 
Virchovr's  Archiv,  xviii.  527,  i860. —  Eimcv,  see  Leuckart,  l.c.,  p.  278. 
«8  Podwyssoki,  Centralbl.  f.  Bacteriol.  u.  Parasitenkunde,  vi.  736,  1889. 
88  Lamhl,  I.e.,  p.  51,  and  plate  i,  fig.  2. 

Bavainc,  Traite  des  Entozoaires,  vi.     Paris,   i860. — Murchand,  Virchow's 
Archiv,  Ixiv.  293,  1875. — Zunker,  Deutsches  Archiv  f.  prakt.  Med.,  i.  1878. 
71  Grctssi  and  Scheioialoff,  Zeitschr.  f.  wiss.  Zoologie,  xlvi.  143,  188S. 
''"  Erich  Midler,  Verbandl.  des  biologischen  Vereines  zu  Stockholm  (sep.  pub.), 
1890. 

"  Grassi,  see  Leuckart,  I.e.,  p.  964  and  968. 

74  Perroncito,  Centralbl.  f.  Bacter.  u.  Parasitenk ,  ii.  73S,  1887  ;  Archives  ital.  de 
Biologic, ix.  (sep.  pub.);  x.  (sep.  pub.);  Giorn.  d.  R.  Acad,  di  Medicina  (sep.  pub.), 
1887. 

'■s  V.  Jaksch,  Wiener  klin.  Wochenschr.,  i.  511,  1888. 
'6  Marchand,  see  C]o).— Zunker,  see  (70). 
Malmsten,  Virchow's  Archiv,  xii.  302,  1857. 

78  Stieda,  Virchow's  Archiv,  xxxvi.  285,  1866. — Graziadei  and  Perroncito,  see 
Bizzozero,  I.e.,  p.  189. — K.  Ortmann,  Berhner  klin.  Wochenschr.,  xxviii.  814,  1S91. 
See  also  Mittcrer,  Inaug.  Dissert. 

79  F.  Jaksch,  I.e.,  p.  512. 

See  Leuckart,  I.e.,  2nd  edit.,  p.  513. 

81  Ibid.,  p.  617. 

82  Ibid.,  p.  832. 

83  Grassi,  Centralbl.  f.  Bacter.  u.  Parasitenk.,  i.  97, 1S87 ;  and  Orassi-Calandruccio, 
ibid.,  ii.  282,  1887.— Commi,  ibid.,  ii.  27  (ref.),  1887. 

^  Bilharz,  see  Leuckart,  I.e.,  p.  833.— ft-assj,  Coinini,  Calandruccio,  see  (83). 


GHAi'TEK   VI.  THE  E.ECKS. 


Penoneito  and  Airoldi,  G.izetta  degli  Ospidali  (sep.  pub.),  1S88.  — Orjit,  Sci  casi  di 
Tenia  nana  (sep.  pub.)  ;  Senna,  Gazctta  med.  Lombard  (sep.  i)ub),  1889. 

Eanson,  see  Orassi,  I.e.,  p.  285. 

Ltidy,  Puronu,  see  Leuchirt,  I.e.,  p.  998. 
8'  Grassi,  Centralbl.  f.  Bacter.  u.  Parasitenk.,  i.  257,  1887. 

.1.  Hoffmann,  Jahrb.  f.  Kinderheilk.,  xxvi.  Pts.  iii.  and  iv.  (sep.  Sup.),  1887. — 
Kriif/cr,  St.  Petersburg,  med.  Wochenschr.,  xii.  341,  iS8y.  — Urandt,  Centralbl.  f. 
Bactcriol.  u.  Parasitenk.,  v.  99  (ref.),  1889. 

Grenet,  see  Leuckart,  I.e.,  p.  841. 

Grassi,  Centralbl.  f.  Bacterid,  u.  Parasitenk.,  i.  257,  188S. 
"1  Leuckart,  I.e.,  p.  864. 

Runebcrg,  Deutsches  Arcliiv  f.  klin.  Med.,  xli.  304,  iSSj.—Itai/hcr.  ibid.,  xxxix. 
31,  1886. — Lichtheim,  Yerhandl.  des  Congresses  fUr  innere  Med.,  vi.  85,  1887. — 
Schapiro,  Zeitschr.  f.  klin.  Med.,  xiii.  416,  1888. — Fr.  Midler,  Charite-Annalen,  xiv. 
p.  9  (sep.  pub.). 

See  Leuckart,  I.e.,  p.  930. 

Ibid.,  I.e.,  p.  941. 

Cf.  Bercnger  Fei  aud,  Legons  cliniques  sur  les  Tajnias  de  I'Homme.   Paris,  1888. 
F.  Hellci;  Aerztl.  Bericht  des  Wiener  AUgem.  Krankenbauses,  p.  262,  1857. 
Leuckart,  I.e.,  2nd  edit.,  vol.  i.  Pt.  iii.  pp.  I  and  589. 

Biermer,  Schweizer  Zeitschr.  f.  Heilkuude,  ii.  381,  1865. — Bostroem,  Deutsches 
Archiv  fiir  klin.  Med.,  xxxiii.  557,  1883. — Baelz,  Berliner  klin.  Wochenschr.,  xx. 
234,  1S83. 

Bizzozero,  I.e.,  p.  1S2. 

Baelz,  sec  (98). 
"1  See  Bizzozero,  I.e.,  p.  182. 

See  Poiriei;  Centralbl.  flir  Bacter.  u.  Parasitenk.,  ii.  186  (ref.),  18S8. 

Leuckart,  I.e.,  ist  edit.,  vol.  ii.  p.  156. 
'"^  Luiz,  Centralbl.  f.  Bacter.  u.  Parasitenk.,  iii.  553,  584,  616,  1S8S. 

KartuUs,  ibid.,  i.  65,  1887. 

Bcvaux,  Progres  medicale,  xv.  415,  iSSy.—IIogc/,  Brit.  Med.  Journ.,  No.  143S, 
122,  1888. 

^''^  Epstein,  Prager  med.  Wocheuschi'. ,  xvi.  498,  189 1. 

See  Lutz,  Centralbl.  f.  Bacter.  u.  Parasitenk.,  iii.  6S1,  713,  744,  1S8S. 

Leuckart,  I.e.,  vol.  ii.,  ist  edit.,  p.  351. 
™  Ibid.,  p.  411. 

Ill  Perroncito,  see  Meissner,  Schmidt's  Jahrb.,  clxxxix.  85,  1881. — Calandruccio, 
Centralbl.  f.  Bacter.  n.  Parasitenk.,  i.  665  (ref.),  1887. 

"2  Menehe,  Zeitschr.  fUr  klin.  Med.,  vi.  i6r,  i88^.~Maycr,  Centralbl.  f.  klin. 
Med,  Nos.  9  and  16,  1885  ;  and  Vdlkers,  Berliner  khn.  Wochenschr.,  xxii.  No.  36, 
i88s.—Sahli,  Deutsches  Archiv  fiir  klin.  Medic,  xxxii.  421,  iSS^.—LcichtcnMem, 
Centralbl.  fiir  klin.  Med.,  vi.  195,  1885  ;  and  Deutsche  med.  Wochenschr.,  xi.  Nos. 
29  and  30,  1885;  xii.  Nos.  11,  12,  13,  14,  1886;  xiii.  565,  594,  620,  645,  669, 
691,  712,  1887  ;  and  Brnst,  ibid.,  xiv.  291,  i888.~ Biiumler,  Correspondenzbh  d. 
Schweizer  Aerzte,  i.  188$.— Scifert  and  Fr.  Miilkr,  Centralbl.  f.  klin.  Med.,  vi. 
27,  1885. 

Firket,  Academic  royale  de  Belgique,  viii.  No.  12,  1884. 
Scifert,  Verhandl.  der  physik.-med.  Gesellsch.  Wurzburg,  xxi.  (N.  F.)  No. 
6,  1888. 

"5  See  Lutz,  B.  Volkmann's  Sammlung,  Nos.  255,  256,  1885. 

Lancet,  Oct.  21,  1887. 
^'^  Sonsino,  Lancet,  Feb.  22,  1890. 
"8  LcuckaH,  l.c,  p.  460. 

Brni,  Berliner  klin.  Wochenschr.,  xxiii.  614,  1S86. 


41 6  KIBLIOORAPHY. 
Lcuckart,  I.e.,  p.  512. 

See  Mciancr,  I.e.,  p.  88;  also  Bizzozero,  I.e.,  p.  185.— <S't'i/crt,  ^'el■llalldl.  dcs 
Congresses  fUr  int.  Med.,  ii.  337.    Wiesbaden,  1881. 
Bizzozero,  I.e.,  p.  185. 

Lcuckart,  I.e.,  p.  952.— CrVassi,  Ccutralbl.  f.  Bactcr.  u.  Parasitenk.,  ii.  413 
(ref.),  1887. 

1=^  Joseph,  ibid.,  ii.  533  (ref.),  1887. 

i-T  Hemhold,  Wiener  med.  Presse,  xix.  373  (rcL),  1888.— iam^ja,  Centralbl.  f. 
Bacter.  u.  Parasitenk.,  iv.  371  (ref.),  1888.— A'o7m,  Prager  med.  Wochenschr.,  xvi. 
107,  1891. 

1-"  Finlayson,  Brit.  Med.  Journ.,  June  8,  1889. 

LeicUmstern,  Deutsche  med.  Wochenschr.,  xii.  175,  iZ^.—Nothnarjcl,  l.c., 

p.  198. 

'-8  Uffelmann,  Deutsches  Archiv  f.  klin.  Med.,  xxiv.  p.  452. 
^-0  Nothnagel,  I.e.,  p.  193. 

Gerhardt,  Zeitschr.  fur  klin.  Med.,  ^'i.  78,  1883. 

Oestcrlcin,  Mittheil.  aus  der  medic.  Klinik  in  Wlirzburg,  i.  i,  1885. 

Stadelmann,  Deutsches  Archiv  fur  kliu.  Med.,  xl.  372,  1887, 

Uffelmann,  I.e.,  p.  450. 

Fr.  Midler,  Zeitschr.  fiir  klin.  Med.,  xiii.  45,  1887. 
'=•5  Uffelmann,  I.e.,  p.  446. 

See  also  Barjinslcy,  Die  Verdauungskrankheiten  der  Kinder.,  p.  230.  iubin- 

gen,  1884. 

137  Iloppe-Seyler,  Handbuch  der  physiol.  nud  pathol.  ehem.  Analyse,  I.e.,  p.  505- 
i^'s  Ibid.,  I.C.,  p.  339- 
"9  Ibid.,  I.C.,  p.  507. 

i"*"  V.  Jakscli,  Zeitschr.  flir  physiol.  Chemie,  x.  536,  1886. 

"1  Brieger,  Berichte  der  deutschen  chem.  Gesellsch.,.  x.  1027,  1877. 

"2  Thudichum,  Journ.  of  Chem.  Soc.,  viii.  p.  400. 

i-is  Brieger,  see  (141).  „     rr       e  7 

i«  Wegsckeidcr,  Ueber  die  normale  Verdauung  der  Sauglmge.   See  Hoppe-i>eylcr. 

I.e.,  p.  338. 

i-i^  Brieger,  see  (147)- 

"8  Nencki  Berichte  der  deutschen  chem.  Gesellsch.,  vni.  723,  1875. 

"7  For  further  statements  regarding  these  bodies  see  Kilhne,  Ber.  der  deutschen 
chem.  Gesellsch.,  viii.  206,  1875  ;  ^'encki,  ibid.,  viii.  336,  722,  1517,  1875  ;  -Brici^cr, 
ibid.  X.  1027,  1877  ;  NencH,  Zeitschr.  fiir  physiol.  Chemie,  iv.  371,  1S80;  Brieger, 
ibid'iv  414  1880;  A.  Bayer,  Ber.  der  deutschen  chem.  Gesellsch.,  xiu.  2339, 
1880';  Tappeincr,  ibid.,  xiv.  2382.  1881  ;  E.  Salkoivski,  Zeitschr.  fur  physiolog. 
Chemie,  viii.  417,  1884  ;  E.  and  W.  Salkoivski,  ibid.,  ix.  8,  1S85. 

Hoppe-Seyler,  Lehrbuch  der  physiol.-  und  pathol.-chem.  Analyse,  p.  114- 

"A  Schulzc  in  Benediht,  I.e.,  p.  25. 

IS"  miler,  Zeitschr.  f.  klin.  Med.,  xii.  52,  1887. 

i-'i  Hoppe-Seyler,  op.  cit.,  p.  96.  Compare  Ji!.  Benedikl,  Analyse  der  lett  &c. 
Berlin,  1889.  This  work,  which  deals  with  the  frecal  fats,  may  also  be  use.uily 
consulted  on  various  other  special  points. 

i-«  Miillcr,  I.C.,  p.  II3- 

Compare  Benediht,  p.  181  and  212. 

is-i  Benedikt,  I.e.,  p.  72- 

153  il/i/Wcr,  I.C.,  p.  48-  ,       .       o   ,    .  1  ,QC„ 

iw  Miillcr  Ic  p.  Ii2.-ilf»zri,  Maly's  Jahre-sbeiicht,  xix.  285  (reference),  18S9. 
3mu,  Journ.  de  Pharm.  et  de  Chim.,  Aug.  1878  ;  Maly  s  Jahresbericht,  via. 
269  (ref.),  1879 ;  and  L'Urine  normale  et  patholog.,  p.  49-    l'^"*.  1880. 
iss  Boppe-Seylei;  op.  cit.,  p.  329. 


CHAPTER  VI. — THE  1<VECES. 


'•^f  Senator,  Berliner  l<lin.  Wochensclir.,  v.  251,  1868.— Slefano,  Gazetta  degli 
Ospedali,  1S83. 

JJammarsten,  Lolubuch  dcr  pliysiol.  Chomic,  p.  183.    Wiesbaden,  1891. 
Ponchet,  SCO  (37).— i?ose,  Zeitschr.  f.  physiol.  Chemie,  xvi.  192,  is'92. 
V.  Vdmnskii  and  Baumann,  Zoitsclir.  f.  ijhysiol.  Chctnic,  xiii.  362,  1S89.— 
Stadtliagen  and  Brhijci;  13orliuci-  kliu.  Wochenschr.,  xxvi.  344,  1SS9. 
V.  Jaksch,  Zeitschr.  f.  physiol.  Chemic,  xiii.  116,  1887. 
Hoppe-Seyler,  op.  cit.,  -p.  317. 

See  noppc-Scyler' s  admirable  grouping,  op.  cit.,  p.  326. 
Widerho/cr,  see  (2). 

Escherich,  Fortsclirilte  der  Med.,  iii.  515  and  547,  1885. 
^^'^  Baginshj,  Zeitschr.  fiir  physiol.  Chemic,  sii.  434,  1888. 
189  Jjlzzozero,  I.e.,  p.  195. 

Zweifel,  Archivf.  Gyuiikol.,  vii.  474,  i87S-—Hoppe-Seylcr,  op.  cit.,  p.  340. 
^'^  Wcf/schcidcr,  see  (144). 

Nothnar/d,  see  (i). 
"'^  Beuhner,  Ziemssen's  Handb.,  ii.  50S,  2ud  edit.,  1886. 

Blava,  Centralbl.  fiir  Bacter.  imd  Parasitenk.,  i.  537,  mr.-A'arlulis,  ibid, 
iii.  745,  1S88. 

y  Klcbs,  I.e.,  p.  203.— Chaniemesse  and  Widal,  see  Cornil,  Bull,  de  I'Acad.  de 
Me'd.,  Iii.  6,  188S;  Schmidt's  Jahi-biicher,  ccsix.  239  (ref.),  1888;  Baumo-arten's 
Jahresbericht,  iv.  236  (reference),  1889,  whore  also  Michelsohn  has  some' critical 
remarks. 

1""  a  Schmid,  Chai-akteristik  der  epidem.  Cholera,  &c.  Lcipzio-,  1S50  See 
Hoppe-Seyler,  Physiol.  Chemie,  p.  358. 

Pel,  Centralbl.  fiir  klin.  Med.,  yiii.  297,  i8S7.-Zc  Nohel,  Archiv  fiir  klin. 
Med.,  sliii.  28s,  188S. 

1887  I^clii't'- clcv  Kinderkrankheiten,  9th  edit.,  p.  115.  Stuttgart, 

Berggrun  and  Katz,  Wiener  klin.  Wochenschr.,  iv.  858,  1891. 


CHAPTER  VII. 

THE  URINE. 


1  For  the  Physiology  of  the  sul,ject,  see  Meidcnhain,  Hermann's  Handb.  der 
p.  479  Xel:,  189?'         '  ''"'^  Text-Book  of  Pliysiology, 

Wollheim  dc  Fonscca,  Maly's  Jahresbericht,  xix.  187  (reference),  1890 

n,'''''"  Wi-ensch.,  xxviii.  243  (reference),  ,890. 

tnn/zur     nT-H  ''''  ""^PP"''' -^U 'oi  Aulei- 

Inl      I7n  "°^^"^°t^'^t"'en  Analyse  dcs  Harns,  9th  ^lit.,  W  e.sbaden. 
1891  and  Die  LehrevomHarn,  Berlin,  1S82  ;  Lohu  h  Anleituns 

.nr  Analyse  des  Harns,  Wien,  1883 ;  Hoppc-Scyler,  Handb  der  p  n^sio  1- mid  pa  d! 

Berm;  18S0  C  Ir  V  P  \  ^'7«^«'-' <^°"^"lt  Z^^et-^r,  Lehrb.  des  Harnanalvse, 
BChen  Dmgnostik,  411,  ed,l.,  AV.esbaden,  i888  ;  SchoUcn,  Kurzcs  Lehrbuch  der 


2  1) 


4i8 


BIBLIOGRAPHY, 


Analyse  des  Harns,  Leipzig  ;  0.  Vicronlt,  Diagnostik  intcnier  Krankheiten,  p.  334, 
Leipzig,  1888;  Roberts,  Pract.  Treatise  on  Urinary  and  Kenal  Diseases;  JlalU- 
hurton,  Text-Book  of  Chemical  Physiology  and  Pathology,  London,  1 89 1  ;  MacMunv, 
Clinical  Chemistry ;  Proc.  Roy.  Soc,  No.  208 ;  Journ.  of  Phys.,  x.,  Nos.  i  and  2. 
^  Lancet,  1,  1890,  p.  481. 

"  Compare  Dujardin-Bcaumetz,  Schmidt's  Jahrbtichcr,  coxxviii.  152  (reference), 
1890. 

0.  Vierordt,  Zeitschr.  fiir  Biologic,  x.  21  and  399,  iS74.—MacMunn,  Clin. 
Chem.,  p.  104;  id.  Maly's  Jahresbericht,  xx.  201  (ref.),  1891. 

8  Leo  Liebermann,  Maly's  Jahresber.  fiir  Tbierchemie,  xv.  447  (ref.),  1886. 

f  £.  Baumann  and  C.  Prcusse,  Du  Bois-Rcymond's  Archiv,  245,  Jahrgang  1879. 

1^'  Fac/gc,  Principles  and  Pract.  of  Med.,  ed.  1891,  ii.,  p.  644. 

11  Moit,  Pathol.  Trans.,  Ix.  127  ;  Lancet,  March  1889. 

^-  ITunter,  Practitioner,  Aug.  1888  ;  Lancet,  Oct.  1888. 

"  Halc-Wliite,  Brit.  Med.  Journ.,  May  21,  1892. 

"  Halliburton,  Chemic.  Physiol.,  1891,  p.  712. 

i»  QuincJce,  Zeitschr.  fiir  klin.  Med.,  (sup.  vol.),  vii.  21,  1884. 

1"  See  Sticker  and  Hiibncr,  Zeitschr.  fiir  klin.  Med.,  xii.  114,  1887;  v.  Noorden, 
ArcHv  fiir  experim.  Pathol,  und  Pharmakol.,  xxii.  325,  1887  ;  and  0.  T.  Rongstedt, 
Maly's  Jahresbericht,  xx.  196  (reference),  1891. 

17  Hale-White,  Brit.  Med.  Journ.,  May  21,  1892. 

18  Huppert,  Neubauer,  Vogel,  I.e.,  p.  19. 

IB  F.  and  L.  Sestini,  Die  landwirthschaftlichen  Versuchsstationen,  Pts.  ii.  and 
iii.,  1890. 

•J"  Huppert,  Neubauer,  Vogel,  I.e.,  p.  433  5  and  Ott,  Zeitschr.  fiir  physiology 
Chemie,  x.  i,  1885. 

-1  F.  Taylor,  Pract.  of  Med.,  2nd  edit.,  p.  705. 

2-  Compare  Glaser,  Deutsche  med.  Wochenschr.,  xvii.  1 193,  1891. 

23  E.  SaLkoivsU,  Deutsche  med.  Wochenschr.,  xiii..  No.  16  (sep.  Supplement),  1888. 
V.  Jalcscli,  Prager  med.  Wochenschr.,  xvi.  210,  iSgi.—Lilten,  Wiener  klin, 
Wochenschr.,  iv.  416,  1891.    Rohrbeck  of  Berlin  and  Wrana  of  Prague  have  con- 
structed similar  apparatus. 

-5  Compare  Senator,  Berliner  klin.  Wochenschr.,  xxviii.  (sep.  pub.),  1891. 
GlciscT,  S6e  (22), 

25-  Vitali,  Maly's  Jahresbericht,  xviii.  326  (reference),  1890.— Compare  also  E. 
Brilcke,  Monatshefte  fiir  Chemie,  x.  129,  1889. 

28  Bizzozcro,  I.e.,  2nd  edit.,  p.  269.  ^ 

29  FAchhorst,  Lehrb.  der  physikal.  Untersuchungs-methoden  innerer  Krankheiten, 
2nd  edit.,  pt.  ii.  p.  336.  Compare  also  Lehrbuch  der  Gewebelehre,  by  0.  Toldt, 
pp.  493  and  503,  Stuttgart,  1884. 

^  Vigla,  Quevenne,  L'Esperience,  No.  12,  1837,  and  Nos.  13,  26,  27,  1^36.  bee 
Nasse,  Schmidt's  Jahrblicher,  xxxiv.  356  (ref.),  iS^z.-Rayer,  Traite  des  Maladies 

des  Reins,  ii.,  1840.  . 

»i  Simon,  Johannes  MuUer's  Archiv  fiir  Anat.,  Physiol,  und  wissenschaftl. 
Medicin,  p.  28,  plate  ii.  fig.  4,  iS43--Nasse,  Schmidt's  Jahrb.,  xxxiv.  356  (ref.), 

184.2 

-2  Henle,  see  C.  Pfeufer,  Zeitschr.  fiir  rationelle  Med.,  i.  61  and  68,  1844. 

33  Glaser,  see  (22).  , 
«  Rovida,  J.  Moleschott,  Untersuch.  zur  Natnrlehre  des  Menschen  und  dei 

Thiere,  xi.  i  ;  xi.  182,  1867. 

36  Notlmaqcl,  Deutsches  Archiv  fur  klin.  Med.,  xii.  326,  1^74.  _ 

36  Burkarl,  Die  Harncylinder,  I.e.,  p.  ^.-Fischl,  Prager  Vierteljahrsschr. , 

'^zfil'  Zdttchr.  fur  klin.  Med.,  xiii.  6,  i887.-For  further  information  see  0. 


CHAPTER  VII. — THE  URINE. 


419 


Bayer,  Archiv  fiir  Heilk.,  ix.  136,  i S68. —■SVnaior,  Vircbovv'.s  Aicliiv,  Ix.  476,  1874 
— K  Wagner,  v.  Ziemssen's  Ilandb.,  vol.  ix.  p.  47,  3rd  edit.,  1882. — Knoll,  Zcitschr 
fiir  Heilk.,  iii.  148,  1882. — Filrhrinycr,  Die  Krankheiteii  derH.irn.-  iiiid  Geschlecbts- 
organe.  Braunschweig,  p.  20,  1884. — Burhart,  Die  Harncylinder,  1884. — Knoll, 
Zeitschr.  fiir  Heilk.,  v.  289,  1884. 

3S  Martini,  Archiv  fiir  kliu.  Chirurgie,  xvi.  157,  1884. 

^  V.  Jak-sck,  Deutsche  med.  Wochenschr.,  xiii.,  Nos.  40  and  41,  1888. 

*'  Compare  Loos,  Jahrb.  f.  Kindcrhcilkunde,  xxx.  (sep.  pub.),  1890. 

Mindfleisch,  Lelu-b.  der  pathol.  Gewebclehre,  p.  438.  Leipzig,  i&-j^.—La/nrf- 
hans,  Virchow's  Archiv,  Ixxvi.  85,  1879. 

Rovida,  see  (34) ;  also  Weisgerher  and  Perls,  Archiv  fiir  experiment.  Patho- 
logie,  vi.  113,  1877. — Fosncr,  Vircliow's  Archiv,  Ixxix.  361,  1880. —  Voorhovc,  ibid., 
Ixxs  247,  1880. — Singer,  Zeitschr.  fiir  Heilk.,  vi.  143,  1885. — Kohlcr,  Wiener  kiln. 
Wochenschr.,  iii.  531,  574,  576,  577,  1890. 

*^  Nothnagel,  see  (35). 

^  Henlc,  see  (32). 

■•^  M.  Hnppert,  Virchow's  Archiv,  lis.  395,  1S74. 
Leuhe,  Zeitschr.  fiir  klin.  Med.,  xiii.  7,  1887. 

Compare  R.  v.  HoessUn,  Miinchener  med.  Wochenschr.,  No.  45  (sep.  pub.), 
1888. 

L.  Thomas,  Archiv  fiir  Heilkunde,  xi.  130,  1870. 
*  Bizzozero,  l.c  ,  p.  225. 

S.  Pollak  and  Torok,  Maly's  Jahresber.,  xvi.  458  (ref.),  18S7  ;  and  Archiv  fiir 
experim.  Pathol,  und  Pharmakol.,  xxv.  87,  18S8. 
51  Rovida,  I.e.,  p.  8. — Kobler,  see  (42). 

Rihhcrt,  Centralbl.  fiir  die  med.  Wissensch.,  xix.  305,  1880. 

Knoll,  see  (37). 
^  E.  L.  Mayer,  Virchow's  Archiv,  v.  199,  1853. 

Huppert,  see  (45). 

Ileitzmann,  Wiener  med.  Blatter,  Nos.  24  and  25,  1890. 

Leuhe,  Zeitschr.  fiir  klin.  Med.,  iii.  233,  188 1. 
5^  Miquel,  Bulletin  de  la  Societe  Chim.  de  Paris,  xxxi.  392,  1879,  and  xxxii.  126, 
1879  (see  Iluppert,  I.e.,  p.  183).— F.  Jalcscli,  Zeitschr.  fiir  physiol.  Chemie,  v.  398,. 
1881.— Xcttftc,  Virchow's  Archiv,  c.  540,  1S85.— 5irte<,  Comptes  rendus,  c.  1252, 
1885.— C.  Fliigge,  I.e.,  p.  169.— F.  Limbcch,  Prager  med.  Wochenschr.,  xii.  1S9,  198 
206,  215,  1887. 

'9  Roberts,  On  Bacilluria,  Int.  Med.  Congress,  ii.  157-163.  London,  1881.— 
Schottelius  and  Reinhold,  Centralbl.  fiir  klin.  Med.,  viii.  635,  1886. 

60  Fischer,  Berliner  klin.  Wochenschr.,  i.  18,  1864.— ?'m/eZ,  ibid.,  i.  17,  1864. 
«  Cramer,  Zeitschr.  fiir  klin.  Med.,  vi.  54,  m^.-^Albertoni,  Maly's  Jah'resbericht, 
xix.  466  (reference),  1890. 

«-  Kannenberg,  Zeitschr.  fiir  klin.  Med.,  i.  506,  1880.— Z/iien,  ibid.,  iv.  191,  1882.. 

Fehlcisen,  Die  Aetiologie  des  Erysipels.    Berlin,  1883. 
«^  Martini,  see  {zS).~Utten,  Zeitschr.  fiir  klin.  Med.,  ii.  452,  mi.—Senctz, 
Petersburger  med.  Wochenschr.,  No.  46,  1883. 

Weichselbauni,  Wiener  med.  Wochenschr.,  xxxi  v.  241,  1885. 
Lustgavtcn  and  Mannabcrg,  Vierteljahrschr.  fiir  Dermatologie  und  SyphUis, 
XIV.  905,  1S87 ;  and  Mannabcrg,  Centralbl.  fiir  klin.  Med.,  ix..  No.  30    1888  • 
Zeitschr.  f.  klin.  Med.,  xviii.  223,  1890.  ' 
Letzcrich,  Zeitschr.  itir  klin.  Med.,  xiii.  33,  188S  ;  xviii.  528,  1891. 
Mircoli,  Centralbl.  fur  Bacteriol.  und  Parasitenk.,  iii.  336  (ref  )  iSSS 
«»  Neumann,  Berliner  klin.  Wochenschr.,  xxv.,  No.  7-9,  18S8.    Statements  will- 
be  found  here  also  as  to  the  occurrence  of  tubercle  baciUi,  the  spirilla  of  relapsing 

rG\  CFj  (!tC» 


87 
U3 


420 


BIBLIOGRAPHY. 


Kurliiiski,  Pragor  med.  Woc.hensclu'.,  xv.  437,  452,  1890. 

Pliilipowicz,  Wiener  med.  Bliitter,  xxxiv.  673  und  710,  1885. 

Kanncnbcrr/,  sec  (62). 
''''  Leubc,  Sitzungsber.  dor  physik.-med.  Akad.  Erlangen,  Dec.  11,  1882. — Jlosen- 
Mein,  Centralbl.  far  med.  Wissensch.,  xxi.  65,  jSS^.— Bales,  ibid.,  xxi.  129,  1883. 
— S/iingleton  Smith,  The  Lancet,  ii.  942,  1883,— /rmi,  Wiener  med.  Pre-sse,  1 141 
and  1173,  1884. — Benda,  Deutsche  med.  Wochenschr.,  x.  154,  1884. — Kreskc, 
MUnchener  med.  Wochenschr.,  xxxiv.  Nos.  30,  31,  1887. 

Philipowioz,  see  (71). 

Cf.  Braatz,  Petersbnrger  med.  Woclienschr.,  xiii.  119,  127,  1888. 
Ldiihc,  see  (57). 

Hassall,  The  Lancet,  ii.  21,  Nov.  1859.    Schmidt's  Jahrbucher,  cix.  157  (ref.), 

i86r. 

™  Biilz,  Berliner  Icliu.  Wochenschr.,  xxiii.  No.  16,  1883. 
"9  Hatch,  The  Lancet,  i.  875,  1887. 

80  Hosier,  Deutsche  med.  Wochenschr.,  xiii.  507,  1887. 

81  Leuclcart  I.e.,  p.  390.— Ccwmon,  The  Lancet,  i.  6,  1887. 

82  Seheiher,  Virchow's  Archiv,  ]xxxii.  161,  1884  ;  see  also  Oei-lcy,  Die  Rhabditiden 
und  ihre  medic.  Bedeutung.    Berlin,  1 886. 

83  E.  Peiper  and  Wcsiphal,  Centralbl.  fiir  Idin.  Med.,  ix.  145,  iSSS.—Baginshj, 
Deutsche  med.  Wochenschr.,  xiii.  604,  1888. 

8*  Mah/s  Jahresbericht,  x-sd.  469  (ref.),  1887. 

Fiirhringer,  Archiv  fur  klin.  Med.,  xviii.  143,  1876. 
8"  Kussmaul,  Wiirzburger  med.  Zeitschr.,  iv.  64,  1803. 

87  Ehstein,  Archiv  fiir  klin.  Med.,  xxiii.  115,  1879. 

88  Holm,  Journal  fiir  prakt.  Chemie,  c.  142,  1867. 

89  G.  Stadder,  Annalen  der  Chemie  und  Pharmacie,  cxxxii.  323,  1864. 

^'^  Hoppe-Scylcr,  Handb.  d.  physiol.  u.  pathol.-chem.  Analyse,  I.e.,  p.  245. 

91  Leyden,  Zeitschr.  fur  klin.  Med.,  ii.  47i!  18S1. 

92  FollancJc,  Wiener  klin.  Wochenschr.,  ii.  15,  i^8g.—Posenheim,  Zeitschr.  f. 
klin.  Med.,  xv.  447,  1889. 

"3  Fritz,  Zeitschr.  fiir  Idin.  Med.,  ii.  471,  1 881. 
91  Stein,  Archiv  fiir  klin.  Med.,  xviii.  207,  1S76. 

»5  W.  Valentiner,  Centralbl.  fiir  med.  Wissensch.,  i.  913,  i?,6l.— Fiirhringer, 
Ai-chiv  fiir  klin.  Med.,  xx.  321,  1877. 
9"  ^ee.  Hupperl,  \.c. ,  li.  167. 
9''  Lichig,  see  Huppert,  I.e.,  p.  168. 

98  J  Milller,  Zeitschr.  f.  anajytische  Chemie,  xii.  234  (ref.),  1873. 

99  Krukcnhcrg,  Chem.  Untersuchungen  zur  wissensch.  Medicin,  pt.  ii.  p.  128. 
Jena,  1S88. 

lo"  //.  Bence  Jones,  Chem.  Centralbl.,  xiii.  S47,  2  (ref.),  1S68. 

Liebig's  Annalen,  Ixxxii.  251,  iSe^z.—Staedeler,  ibid.,  cxvi.  57,  i860. 
1"=  Scherer,  Journal  fiir  prakt.  Chemie,  Ixx.  406,  1 85  7. 

™  R.  Hoffmann,  Liebig's  Annalen,  Ixxxvii.  124,  1857.— Z.  Meyer,  ibid.,  cxxxii. 
156,  1864. 

i"-*  C.  Wurstcr,  Centralblatt  fiir  Physiologic,  i..  No.  9  (sep.  Supplement),  1S87. 

105  Hoffmeister,  Liebig's  Annalen,  cxxxix.  6,  1877. 

io«  Scherer,  Journal  fiir  prakt.  Chemie,  Ixxix.  410,  1857. 

107  Frerichs,  Wiener  med.  Wochenschr.,  iv.  465,  iS $4.— Schidtzen  and  Biiss, 
Annal.  des  Charitd-Krankenhauses,  xv.—Pouchet,  Maly's  Jahresber.  fur  Thier- 
chemie,  x.  248  (ref.),  1880.— .1.  Friinkcl,  Berliner  klin.  AVochenschr.,  xv.  265,  187S 
—  Blendcrmami,  Zeitschr.  fiir  physiol.  Chemie,  vi.  234,  1882.—.!.  Irsai.  Maly'; 
Jahresber.  fiir  Tliierchemie,  xiv.  451  (ref.),  18S5. 

108  Prris,  ibid.,  xvii.  435  (ref.),  1888. 


CHAPTER  VII.  THE  URINE.  42  1 

See  also  Fcscr  and  FricMcrycr  (whoso  observations  refer  to  horse's  urine), 
il/nZy'i(  Jilhresb.  fiir  Thierchemio,  iv.  231  (rof.),  1S75. 
110      Taylor,  Pract.  of  Med.,  2nd  edit.,  701. 

On/,  Colloids  and  Crystallisation,  Lond.,  1879. 
IMm,  see  (88). 

Ord,  Proc.  Pathol.  Soc.,  Brit.  Med.  Journ.,  May  21,  1892. 
I"  Ord,  Berliner  klin.  AVochenschr.,  xv.  365,  1878.—//.  Chiari,  Prager  nied. 
Wochenschr.,  xiii.  541,  tSSS. 
Ho  p.,.  Berliner  klin.  Wochenschr.,  xxvi.  889,  18S9. 

Senator,  Internationale  Beitriige  zur  wisseuch.  Med.,  Festschrift,  Rndolph 
Virchow  gewidmet  zur  VoUendung  seines  70  Lebensjahres,  iii.  (sep.  pub.).  Berlin, 
1S91. 

117  Frerichs,  Die  Bi-ight'sche  Nierenerkrankung  und  deren  Beliandiung.  Bruns- 
wick, i85i.—  ro(/c?,  Virchow's  Handbuch  der  spec.  Pathol,  und  Therapie,  vi.  2, 
709.    Erlangen,  i?>6s.—  ULtznmnn,  Wien.  med.  Presse,  xi.  82,  1870. 

'"^  Leubc,  Virchow's  Archiv,  Ixxii.  145,  187S.— Fiir bringer,  Zeitschr.  fiir  klin. 
Med.,  i.  346,  i88g.— Senator,  Die  Albuminurie.  Berlin,  1882.  — a  Posncr,  Berliner 
klin.  Wochenschr.,  xxii.  654,  1885  ;  Virchow's  Archiv,  civ.  497,  1886;  and  Archiv 
fiir  Anat.  und  Physiol,  (physiol.  Abtheil. ),  188S.  Compare  Ma/fatti,  Intern. 
Centralbl.  f.  d.  Physiol,  u.  Pathol,  der  Haru-  und  Sexual- organe,  i.  266,  18S9. 

"i*  r.  Noorden,  Deutsches  Archiv  fiir  klin.  Med.,  xxxviii.  3,  205,  where  will  be 
found  also  very  exhaustive  and  exact  references  to  the  literature  on  the  subject 
of  physiological  albuminuria. 

Leubc,  Zeitschr.  fur  klin.  Med.,  xiii.  i,  1887.— U.  IVuHcrnitz,  Zeitschi".  f. 
physiol.  Chemie,  xv.  189,  1891. 

Grainger  Stewart,  On  Albuminuria,  1888,  p.  19. 

Anschiitz,  Die  Destination  unter  vermmdertem  Drucke  im  Laboratorium. 
Bonn,  1887. 

1^  Stirling,  The  Lancet,  ii.  1157,  1887.— Hiiigstedt,  Schmidt's  Jahrbiicher,  ccxxv. 
141  (ref.),  i88g.— Re tibner,  Festschrift  zu  Henoch's  70  Geburtstag,  p.  26.  Berlin, 
iSgo.— Washburn,  Centralbl.  f.  klin.  Med.,  xi.  7S6,  1S90. 

Pavy,  Lancet,  i.  711,  1888. 

Moxon,  Guy's  Hospital  Eeports,  1878. 

Fagge,  see  Taylor,  Med.,  p.  791. 

Taylor,  Pract.  of  Med.,  2nd  edit.,  p.  790. 

Falkenheim,  Deutsches  Archiv  flu-  klin.  Med.,  x.kxv.  446,  1S84. 
^'■^  Huchard,  L'Union  Medical,  58.  '        "  • 

™  Haig,  Brit.  Med.  Journ.,  Jan.  11,  1S91. 

'■'1  Virchow,  Gesammte  Abhandl.  zur  wissensch.  Med.,  846,  1856  Compare 
Clinical  Lectures  on  Important  Symptoms.  On  Albuminuria,  by  Grainger 
Stewart,  Edmburgh,  1888. 

"2  Bright,  Eeport  of  Medical  Cases,  1827  and  1831. 

'■'3  Ghrktison,  Ueber  die  Granular-Entartung  der  Niere,  traus.  by  J  Mayer 
with  remarks  by  Rokitamky.  Vienna,  i8^i.~Rayer,  Traitd  des  Maladies  des  Reines 
II.,  i8^o.~Frerichs,  Die  Bright'sche  Nierenerkrankung  und  dereu  Behandluno-  185 1 
-Jnmbc,  Ueber  den  Zusammenhang  von  Herz-  und  Niercn-krankheiten.  Berlin, 
1856.  For  exhaustive  notices,  see  F.  Wagner,  v.  Ziemssen's  Handbuch  der  spe- 
ciellen  Pathol,  und  Therapie.    Leipzig,  1882. 

>•»  IMr,  Archiv  fiir  experiment.  Pathol,  und  Phar.uakol.,  xx.  411,  1SS6 - 
Pohl,  ibid.,  XX.  246,  1886. 

Compare  A.  Cmtdry,  Archiv  f.  klin.  Med.,  xlvii.  159,  1890. 

M.  Uuppert,  Virchow's  Archiv,  lix.  305,  1874. 

-xx'ss  lsse""'  ^'''^''^  ^'^"^hoLundPharmakol.,  xix.  237.  18S5,  and 


422 


BIBLIOGRAPHY. 


'•"s  Singer,   Prager  med.  AVochcuschr.,   xii.   9,  1887.— /iToWer,   Wiener  klin. 
Wochenschr.,  iii.  531,  557,  574,  596,  1890. 

Leydcn,  Zeitsclir.  ftir  klin.  Med.,  iii.  161,  1881. 
H.  Lurcnz,  Wiener  klin.  Wochensch.,  i.  119,  1888. 
V.  Bamberger,  Wiener  med.  Wochenschr.,  xxxi.  145  and  177,  1881. 
1^-  Bull,  Berliner  Idin  Wochenschr.,  xxiii.  717,  i8S6.—Marcau,  Eevue  de  Med., 
vi.  855,  1886.    Schmidt's  Jahrb.,  ccxiii.  146  (ref.),  1S&7. —Klempcrci;  Zeitschr.  fiir 
klin.  Med.,  xii.  168,  iSSy.—CauJield,  Med.  News  (sep.  issue),  1887.— (?.  Johnson, 
Lancet,  i.  7,  1888. 

i«  V.  Jaksch,  Deutsche  med.  Wochenschr.,  xiv.,  Nos.  40  and  41,  1888.  Compare 
also  Loos,  Jahrblicher  f.  Khiderheilkiinde  (sep.  pub.),  1890 ;  and  Jl.  v.  Engd, 
Prager  med.  Wochenschr.,  xv.  615,  189c. 

1^*  See /finnicT,  Centralbl.  flir  klin.  Med.,  vii.  772  (ref.),  1886. 
Falkcnheim,  see  (128). 

"8  Merley,  De  I'Albuminurie  intermittente  cyclique  ou  Maladie  de  Pavy.  Paris, 

1887. 

See  F.  Rose,  Annal.  der  Physik  und  Chemie,  xxviii.  (104),  132,  1833. 
"8  /.  F.  Heller,  Archiv  fur  physiol.  und  pathol.  Chemie  und  Mikroscopie,  v.  161, 
1852. 

»o  Heyyisius,  Pfliiger's  Archiv,  x.  239,  1875. 

Clin.  Soc.  Trans.,  xix.  p.  339. 
"1  Hindenlang,  Berliner  klin.  Wochenschr.,  xviii.  205,  1881. 
1"  PenaoZdt's  iEltere  und  neuereHarnproben,  2nd  edit.  Jena,  i2,86.—  V.  Noorden, 

see  (119). 

^■53  Filrhringer,  Deutsche  med.  Wochenschr.,  xi.  467,  1885. 
^'^  G.  Johnson  On  the  Various  Modes  of  Testing  for  Albumin  and  Sugar,  p.  6. 
London,  1884. 

M.  J  age,  Zeitschr.  fiir  physiol.  Chemie,  x.  399,  1886. 
See  Huppert,  Neuhauer,  and  Vogel,\.c.,  p.  121. 
"7  Liebcrmann,  Centralbl.  fiir  die  med.  Wissensch.,  xxv.  321  and  450,  1887.- 
C.  Wurster,  Centralbl.  fiir  Physiol.,  i.,  No.  9  (sep.  issue),  1887.— i'.  SaJkowsh, 
Zeitschr.  f.  physiol.  Chemie,  xii.  215,  1889. 

See  Huppert,  Neuhauer,  and  Vogel,  I.e.,  p.  71. 
Sehich,  Prager  med.  Wochenschr.,  xv.  306,  1890. 
!«»  Zouchlos,  Wiener  allgem.  med.  Zeitung,  No.  i,  1890. 
181  A.  B.  Cohen,  Maly's  Jahresbericht,  xviii.  116  (ref.),  1888. 
18=  G.  Roch,  Pharmaceutische  Centralhalle,  549,  1889.-/.  ^-  Macivilliam,  Brit. 
Med.  Journ.,  No.  1581,  837,  1891. 
183  MacwilUam,  I.e.,  p.  840,  189 1. 

18J  See  also  Jolles,  Wiener  med.  Presse,  xxxi.  825,  1890. 
185  Devote,  Zeitschr.  f.  physiol.  Chemie,  xv.  474,  1891. 
188  See  Huppert,  I.e.,  p.  554. 

187  Roberts,  Lancet,  i.  313.  i^ie.-Stohnhoiv,  Petersburger  Wochenschr.  xii., 
1876;  Maly's  Jahresber.  fiir  Thierchemie,  vi.  148  (ref.),  1887.-/-  Brandberg, 
Upsala  Lrikare  forh.,  iS-^Hammarsten,  Maly's  Jahresber.  fiir  Thierchemie,  x.  265 
(ref.),  1881  ;  see  also  Laache,  I.e.,  p.  78. 

18D  Hammarsten,  Maly's  Jahresb.,  x.  265  (ref.),  1881,  and  xiii.  217  (ref.),  1884. 
1™  Guttmann,  Berliner  klin.  Wochenschr.,  xxiii.  1 17,  1886. 
1^1  Ozapelc,  Prager  med.  Wochenschr.,  xiii.  128,  1888. 

17^  SoMow,  Maly's  Jahresb.,  xvii.  223  (ref.),  1888.-^.  Geisler,  Berlin,  khn 
Wochenschr.,  xxvi.  iiii,  1889. 

"■3  C/»-is<enscJi,  Virchow's  Archiv,  cxv.  128,  1889. 

Th.  Geisler,  see  (172). 


CHAPTER  VII.  THE  URINE. 


423 


Noel  Paton,  Schmidt's  Jahrbiicher,  coxxii.  4  (rof.),  1SS9. 

Huppert  and  Zdhof;  Zeitschr.  f.  pliysiol.  Cliemic,  xii.  467,  1888. — Zdhof, 
ibid.,  xii.  484,  1888. 

^o/wewter,  ibid.,  iv.  253,  iSSo;  v.  66,  127,  1881  ;  vi.  sr,  1881  ;  Prager  lued. 
Wochenschr.,  v.  321,  335,  1880. 

Uofmcistci;  see  (177). — Maixner,  Prager  Vierteljahrschr.,  cxliv.  75,  1879. — 
Jal-sch,  Prager  mod.  Woclicnsclir.,  v.  292  and  303,  1880;  vi.  61,  74,  86,  133,  143, 
iS8i ;  and  Zeitschr.  f.  klin.  Med.,  vi.  413,  1883. 
i"9  F.  Jaksch,  Zeitschr.  f.  klin.  Med.,  vi.  413,  18S3. 

Maixner,  ibid.,  viii.  234,  1S84. 

Pacanmoski,  ibid.,  ix.  429,  1885.  See  also  Kottnitz,  Centralbl.  f.  d.  med. 
Wissensch.,  xxix.  513,  1891  ;  and  Loeb,  ibid.,  xxix.  577,  1891. 

Fischel,  Archiv  f.  Gyniikologie,  xxiv.  27,  1884.  Compare,  however,  Thomson, 
Deutsche  med.  AYochenschr.,  xv.  899,  1889  ;  and  Kottnitz,  ibid.,  xv.  900,  1889. 

183  ffrocco,  Sulla  Peptonuria,  di  nuovo  sulla  Peptonuria.  Milan,  1883-84. — Secchi, 
Malys  Jahresber.,  xvii.  444  (ref.),  1888. — 0.  Bricger,  Inaug.  Dissert.,  Breslau, 
iSSS. — Katz,  Wiener  med.  Bliitter,  xiv.,  Nos.  45,  46,  48,  50-52  (sep.  pub.),  1890. 

Poelil,  Maly's  Jahresber.,  xvii.  432  (ref.),  1888. 

Mya  and  Belfanti,  Centralbl.  f.  klin.  Med.,  vii.  729.  1888. 
'^^  Eofmcistcr,  see  (177). — Dcvoto,  Zeitschr.  f.  physiol.  Chemie,  xv.  465,  1S91. 

IT.  Euppcrt,  I.e.,  p.  189,  8th  edit. 

/.  A.  Schnltcr,  Maly's  Jahresber.,  xvi.  22S  (ref.),  1S87. 
ixncT,  Zeitschr.  f.  klin.  Med.,  xi.  342,  1886. 

Devoto,  see  (186) ;  Eivista  clin.  Archivo  italiano  di  clin.  Med.,  p.  30  (sep. 
pub.),  1 89 1. 

T".  Jaksch,  Zeitschr.  f.  physiol.  Chemie,  xvi.  243,  1892. 

S.  Martin,  quoted  by  Halliburton,  p.  787. 

Maewilliam,  British  Med.  Journ.,  Jan.  16,  1892. 
^8-'  Kuhne  and  Oliiltenden,  Zeitschr.  f.  Biologic,  xix.  159,  1S83  ;  xx.  11,  1884; 
and  xxii.  409;  1S86. — Kiiline,  Verhandl.  des  naturhistor.  medic.  Vereines  zu 
Heidelberg,  Nos.  i.,  iii.,  p.  286.— Hcrth,  Monatshefte  f.  Chemie,  v.  266,  1884. 

Senator,  Die  Albirminurie  im  gesunden  und  ki-anken  Zustande,  p.  9.  Berlin, 
1882.— Ter  Grefjoriantz,  Zeitschr.  f.  physiolog.  Chemie,  vi.  537,  1882.— F.  Jaksch, 
Zeitschr.  f.  klin.  Med.,  viii.  216,  18S4. 

Loeb,  Archiv  f.  Kinderheilk. ,  ix.  53,  18S7  ;  x.  212,  1889. 

Heller,  Berliner  klin.  Wochenschr.,  xxvi.  1038,  1889. 

Kahler  and  Huppert,  Prager  med.  Wochenschr.,  xiv.  33,  35,  45,  1889. 
™  Koppner,  Archiv  f.  P.sychiatrie,  xx.  825,  1889. 
^  C.  Posner,  Berliner  klin.  Wochenschr.,  xxv.,  No.  21,  1888. 
-"1  Thormiihlen,  Virchow's  Archiv,  cviii.  322,  1887. 
-"■■^  Kilhnc  and  Chittenden,  p.  278. 
-"^  Maguire,  Brit.  Med.  Journ.,  ii.  1886,  p.  543. 

Senator,  quoted  by  Halliburton,  I.e.,  p.  783. 
-"•^  Kauder,  see  (134). 

Pohl,  see  (134);  see  also  A.  Csatdry,  (135). 

Halliburton,  I.e.,  p.  783. 
-"^  Huppert,  I.e.,  p.  277. 

I/Hler,  Wiener  med.  Zeitschr.,  i.  48,  1859;  Schmidt's  Jahrbiicher,  civ.  39 
(ref.),  1859. 

See  Huppert,  I.e.,  p.  302. 
Itoscnthal,  Virchow's  Archiv,  ciii.  516,  18S6. 
-1-  Ibid.,  I.e. 

Almiin,  see  Hammersten,  Lehrbuch  d.  phv.siol.  Cliemio,  p.  336.  Wiesbaden 
1891.  ' 


424 


BIBLIOGRAPHY. 


Ncissci;  Centralbl.  f.  mod.  Wis.scncliaften,  xix.  545,  1881. 

Ztir  Nieden,  Berliner  Idin.  Woclienschr.,  xviii.  705,  1881. 
-"'  Lanr/cr,  Prager  mod.  Wochcnschr.,  xvi.  389,  391. 

Roscnhac/i,  Berliner  klin.  Wocliousclir.,  xvii.  132,  151,  i88o.—Ekriich, 
Zeitschr.,  f.  klin.  Med.,  iii.  383,  iS8i.—Boas,  Arcliiv  f.  kliu.  Med.,  xxxii.  355, 
1885. — Uinocquc,  Maly's  Jahresber.,  xvii.  431  (ref.),  1888.— iToWo- and  Ohcrmayer, 
Zeitschr.  f.  klin.  Med.,  xiii.  163,  1888.—/.  ,S'.  Brhtowc  and  ,S'.  M.  C'opemann, 
Lancet,  vi.  256,  1889.— Zi'.  dc  Rienzi  and  E.  Rcalc,  Rivista  clinica  e  terapeutica, 
xi.  (sep.  pub.),  1889. 

Taylor,  Pract.  of  Med.,  p.  787. 

Hoppc-Seyler,  Physiolog.  Cheniie,  I.e.,  p.  S62. 

Compare  Lcwin  and  Posner,  Centralbl.  f.  die  med.  Wi.ssenscli.,  -xxv.  353, 

1S87. 

'-'-1  IJalliburlun,  I.e.,  p.  777. 

---  Compare  Huppert,  Anleitung  zur  Analyse  des  Harns,  I.e.,  p.  279. 

--^  F7\  Milllcr,  Mittheilungen  aus  der  med.  klinik  in  Wurzburg,  i.  266,  1885. 
Obcrmayer,  Centralbl.  f.  Idiu.  Med.,  xiii.  i,  1892. 

--5  E.  Fischer,  Berichte  d.  deutschen  chem.  Gesellschaft,  sxiii.  2114,  1890.  I 
cannot  forbear  drawing  the  reader's  attention  to  these  reports,  which  are  of  the 
highest  medical  interest. 

225a  [/_  Briicke,  Tories,  uber  Physiologic,  i.  375,  2ud  edit.    Wien,  1S75. 

Wedenski,  Zeitschr.  f.  physiol.  Chemie,  xiii.  112,  1S88. — L.  v.  Udrdiisky, 
Berichte  d.  naturforscli.  Gesells.  in  Freiburg,  xi.  183. — Moritz,  Archiv  f.  kliu, 
Med.,  xlvi.  252,  1890.— (?(Mtic,  Maly's  Jahresbericht,  xix.  225  (ref.),  1S90. 
(?.  Johnson,  Brit.  Med.  Journal,  April  9,  1892. 

--^  G.  S.  Johnson,  Proc.  Eoy.  Soc,  xliii.  pp.  493,  554. 

229  ]\£orse,  Schmidt's  Jahrblicher,  ccxxii.  22  (ref.),  1889. 

23"  Mehu,  Maly's  Jahresber.,  viii.  18S  (rei),  1888. 

230"  Taylor,  Pract.  of  Med.,  p.  784. 

-^^  W.  M.  Ord,  Centralbl.  f.  d.  med.  Wissensch.,  xxviii.  94  (ref.),  1890. 
23-  Halliburton,  I.e.,  p.  793. 

233  V.  Jaksch,  Zeitschr.  f.  klin.  Med.,  xi.  20,  1886. 

234  j^oritz,  Miinchener  med.  Wochenschr.,  Nos.  i  and  2  (sep.  pub.),  1891.— 
Kraus  und  Ludioig ,  Wiener  klin.  Wocheuschrift,  iv.  855,  1891. 

233  Worm-Midler,  Pfliiger's  Archiv,  xxxvi.  172,  1885. 

23"  Moore,  Lancet,  ii.  1884  ;  and  Heller,  Archiv  f.  Mikroskopic  und  mikroskop. 
Chemie,  i.  212  and  292,  1844. 

23"  Hoppe-Scyler,  Berichte  der  deutschen  chem.  Gesellsch.,  iv.  346,  1S71. 

238  .Trommer,  Annal.  der  Chemie  und  Pharmacie,  xxxix.  360,  1841. 

239  Compare  Jastrowitz,  Deutsche  med.  Wochenschr.,  xvii.  253,  292,  1S91. 

240  Pai<y^  see  F.  Taylor,  I.e.,  p.  776. 

241  Worm-Midler,  Pfluger's  Archiv,  xxvii.  107,  1882. 

2*-'  Moritz,  Deutsches  Archiv  f.  klin.  Med.,  xlvi.  260,  1S90  ;  see  also  (234). 
2*5  Leubc  and  Salko^vski,  I.e.,  p.  223. 
-  244  Einhorn,  Virchow's  Archiv,  cii.  263,  1885. 
2-'''  Halliburton,  I.e.,  p.  99,  793- 

24(i      pischer,  Berichte  der  deutschen  chem.  Gesellsch.,  xvii.  579,  1884. 
2-*''  V.  Jaksch,  see  (232). 

2-'8  i7(>sc/(Z,  Zeitschr.  f.  pbysiol.  Chemie,  xiv.  383,  1890.— Haielburg,  Centralbl.  f. 
klin.  Med.,  xi.  89,  1891. 

2-'»  Geyer,  V\'ienev  med.  Presse,  xxx.  1686,  1889.— il/onii,  Archiv  f.  klin.  Med., 
xlvi.  264,  iSgo.—Luthcr,  Inang.  Dissert.,  Berlin,  1890. 

2«o  Hirschl,  I.e.,  p.  387. 

S.  Kohrak,    Inang.   Dissert,  Breslau,  1S87.  —  lloscnf eld,   Deutsche  med. 


CHAPTER  VII.  THE  URINE, 


425 


Wocheuschi-.,  xiv.  451,  479,  iSSS. — PoUatschck,  ibid.,  xiv.  354,  188S. — lih'schl, 
Zeitsclir.  f.  phrsiol.  Ohemie,  xiv.  378,  1890. 

Bbttger,  Journal  f.  prakt.  Clicmic,  Ixx.  432,  1S57. 

£.  Sulkoivski,  Centialbl.  f.  d.  med.  Wissensch.,  xxiii.  433,  1S85. 

See  ITttppcrt,  Neuhauer,  and  Vor/el,  I.e.,  Stli  edit.,  p.  168. 
'■^  Nylandcr,  Zeitsclirift  f.  physiol.  Ohemie,  viii.  175,  1884. 

Petizoldt,  I.e.,  p.  16  ;  sec  also  Ji.  Jah-cis,  Beitriige  zur  Untersuchiing  des 
Hams  auf  Eiweiss  und  Zucker.    Inaug.  Dissert,  Erlangen,  i885. 

M.  Rubmr,  Zeitschr.  f iir  Biologic,  xx.  397,  i  S84. 

Pcmoldt,  see  (152). 

Laache,  I.e.,  p.  iii.—Penzoldt,  I.e.,  p.  16. 
G.  Oliver,  Bedside  Urine  Testing. 

Johnson,  I.e.,  p.  367. — Thiery,  Progr6s  mddical,  xiv.  633,  1S86. 

Th.  Weyl,  Schmidt's  Jahrbiicher,  ccxii.  (ref.),  1886. 

Penzoldt,  Berliner  klin.  Wochenschr.,  xx.  201,  1883. 

V.  Jahsch,  Mittheil.  des  Wiener  Docteren-collcgiums,  x.  1884. 

Salkoioski,  Virchow's  Jahresber.,  xix.  14S,  1884. 
'^^  H.  Molisch,  Sitzungsber.  der  kais.  Akad.  der  Wissensch.  (Wien),  xciii.  ii.  912, 
1SS6;  and  Centralbl.  f.  die  med.  Wissensch.,  xxi.  49,  1887. 

Sccgeti,  Centralbl.  f.  die  med.  Wissensch.,  Nos.  44  and  45,  1886. 
-^^  Mylius,  Zeitschr.  f.  physiol.  Chemie,  xi.  492,  1887.— 1^  Udrdnsky,  ibid.,  sii. 
381,  188S. 

269  Wiener  med.  Wochenschr.,  viii.  337,  185S. — Secgcn,  Archiv  f. 

Physiol.,  V.  375,  1872.— .46cte,  Centralbl.  f.  die  med.  Wissensch.,  xvii.  33  and  209. 
187c).— ,S(dkowski,  Zeitschr.  f.  physiol.  Chemie,  iii.  96,  1874. 

Baumann  and  v.  Udrdnsky,  Berichte  der  deutsch.  chem.  Gesellschaft,  xxi. 
2744,  1888. 

2^  Luther,  I.e.,  p.  12.—R00S,  Inaug.  Dissert.,  Freiburg,  1891. 
=^2  Fthlintj,  Annal.  der  Chemie  und  Pharmacie,  Ixxii.  106,   184S  ;   cvi.  71;, 
1858. 

'■"^  Leuhe  and  Salkoioski,  I.e.,  p.  231. 
See  ibid. ,  I.c  ,  p.  232. 


Salkoioski,  I.e.,  p.  232, 


( 


Munk,  Virchow's  Archiv,  cv.  63,  r88S. 
-'77  p_  Taylor,  Medicine,  p.  777.  ' 
-'^  Roberts,  The  Lancet,  i.  21,  1862.' 

2""  Worm-MiUlcr,  Pfliiger's  Archiv,  xxxii.  211,  1884,  and  xxxvii.  479,  1885. 

'■^^  P.  GuUmann,  Deutsche  med.  AVochenschr. ,  xvi.,  No.  i,  iSgo.  — Budge, 
Zeitschr.  f.  physiol.  Chemie,  xiii.  326,  1889.— A'.  A.  IT.  Miirner,  Maly's  Jahres- 
bericht,  xix.  224  (ref.),  1890.  For  other  similar  apparatus,  such  as  that  by 
Fleischer,  see  Penzoldt,  Aoltere  und  neuere  Harnproben,  &c.,  p.  38.    Jena,  1S90. ' 

2"  For  details  regarding  the  construction  of  the  Polarimeter,  see  Huppert, 
Neuhauer,  Vogd,  I.e.,  p.  403. 

K.  Zimmer,  Deutsche  med.  Wochenschr.,  ii.  329,  I?,j6.— Secgcn,  Centralbl.  f. 
die  med.  Wissensch.,  xxii.  753,  1884. 

De  Smc<2/,  Maly's  Jahresber.  fiir  Thierchemie,  iii.  134  (ref.),  1874.— Uempel, 
Archiv  f.  Gyniikologie,  viii.  312,  1875.— //ofmeister,  Zeitschr.  f.  physiol.  Chemie,  i. 
loi,  1877.— Johanovsky,  Archivf.  Gyniikologie,  xii.  448,  187 7. -Kaltcnbach,  Zeitschr. 
f.  physiol.  Chemie,  ii.  360,  1877.-^^2/,  Archiv  f.  Gyniikologie,  xxxv.  239,  18S9. 

r.  Jaksch,  Zeitschr.  f.  klin.  Med.,  xi.  25,  1886. 

E.  Iteiehard,  Pharm.  Zeitsclir.  f.  Russland,  xiv.  45  (sec  Kiilz,  Malv's  Jahresber  , 
V.  60,  1876). 

28«  Landwchr,  Centralbl.  f.  die  med.  Wissensch..  xxiii.  369,  188";. 
Wcdenski,  Zeitschr.  L  jihysiol.  Chemie,  xiii.  127,  1888.  ' 


426  BIBLIOGRAPHY. 

Le  Nohel,  Maly's  Jahresben,  xvii.  i88  (ref.),  1888.— 7.  Ackern,  Berliner  klin. 
Wocbensclir.,  xxvi.  293,  1889. 

-80  Leo,  Virchow's  Arcliiv,  cvii.  99,  1887.— 7utk,  Zeitschr.  f.  Biologie,  xxvii. 
228,  1 89 1. 

-™  Hoppc-Seylcr,  Virchow's  Archiv,  xiii.  loi,  1885. 
-™  See  i:  Udrdnskij,  Zeitschr.  f.  physiol.  Chemic,  xii.  372,  1888. 
=^82  See  the  exhaustive  essay  of  M.  Schrdder,  Schmidt's  Jahrb.,  ccxvi.  73, 
1887. 

Quincke,  Virchow's  Archiv,  xcv.  125,  1884. 
'^■^  Stokvis,  Maly's  Jahresber.,  xii.  226  (ref.),  1883. 

Ticdenumn  and  Gmelin,  Die  Verdauung  nach  Versuchen,  i.  80.  Leipzig 
1826  (see  Huppert,  I.e.,  p.  315). 
-"^  Euppert,  Archiv  der  Heilkunde,  iv.  479,  1863. 

Rosenbach,  Central bl.  f.  die  med.  Wissensch.,  xiv.  5,  1876. 
Brarjendovf,  see  Deubner's  Comparative  Investigations  of  the  Newer  Methods 
for  Demonstrating  the  Presence  of  Bile  Pigment  in  the  Urine  of  Jaundice.  Inaug. 
Dissert.,  p.  24.    Dorpat,  18S5. 

=8»  Ultzmann,  Wiener  med.  Presse,  xviii.  1033,  1877. 

3"°  Huppert,  Archiv  der  Heilkunde,  viii.  351  and  476,  1867. 

3°'  Ehrlich,  Centralbl.  f.  klin.  Med.,  iv.  721,  1883;  and  Charitd-Annalen,  xi.  139, 

1886. 

30-  C  le  Nobel,  Centralbl.  f.  klin.  Med.,  xi.  18,  1890. 

303  jaffe,  Centralbl.  f.  med.  Wissensch.,  vi.  241,  1868  ;  and  Virchow's  Archiv, 

xlvii.  405,  1869. 

Salkowski,  Zeitschr.  f.  physiol.  Chemie,  iv.  134,  1880. 

305  Halliburton,  Chem.  Physiol.  and  Pathol.,  p.  750. 

306  Eretschy,  Wiener  med.  Wochenschr.,  xxxi.  1449,  1881. 

307  Kummcr,  Correspondenzbl.  f.  Schweizer  Aerzte,  xvi.  15,  16,  1886.    Schmidt  s 

Jahrb.,  ccxiii.  149  (I'ef-).  i887- 

Mott,  Lancet,  March  1889  ;  Id.,  Path.  Trans.,  Ix.  127. 

309  Hmter,  Practitioner,  August  1888  ;  Lancet,  October  1888.  ^ 

310  G'Mer,  see  Meliu,  L'Urine  normale  et  pathologique,  p.  55-    Pa"S,  iSSo. 
Gerhardt,  Wiener  med.  Wochenschr.,  xxvii.  576,  1877. 

3u  Hayev,,  Centralbl.  f.  klin.  Med.,  xi.  612  (ref.),  i890.-Aate,  Wiener  med. 
Wochenschr.,  Nos.  28  to  32,  i89i.-(?.  Hoppc-Scyla;  Virchow's  Archiv,  cxxiv.  36, 
1891. 

312  Hossbach,  Archiv  f.  klin.  Med.,  xlvi.  408,  1890. 

313  Cavallero,  see  Katz  (3.i).-Aas«  and  Mester,  Zeitschr.  f.  khn.  Med.,  xvui. 

"^^^^^IZgrnann,  Volkmann's  Samml.  klin.  Voitrage,  cxc.  1560,  i88i.-A«nM, 
Virchow's  Archiv,  Ixxviii.  455,  1S80. 

315  Dick,  Archiv  f.  Gyniik.,  xxiii.  126,  1884. 

318  A/acMmn,  Journ.  of  Physiol.,  X.  83.  .   ^     n    i,    ,.fi,  Q^^inn 

317  Leube  Sitzungsber.  d.  Wiirzburger  physik.-med.  Gesellsch,  13th  Se  sion 
23rd  June  1888.    Compare  Kreuer  and  Engel,  Maly's  Jahresbericht,  xix.  432  (ret.), 

'^31°' Wiirzburger  physik. -medic.  Sitzungs^  1881^ 
3.9  For  other  reactions,  see  Nencki  and  Ilotschy,  Monatshefte  f.  Chemie,  x.  50^ 

iSSg.-Grimbert,  Maly's  Jahresbericht,  xix.  192  (ref.),  1890.  Tubingen 
3'^  Vierordt,  Die  Anwendung  des  Spectralapparates  zur  Photometue.  Tubingen, 

1875.    See  IIuppeH,  I.e.,  p.  4'  i- 
321  Jaffi,  see  (303).  . 
3"  Mehu,  L'Urine  norm,  et  pathol.,  &c.,  p.  49-    Pans.  i5>«o- 
323  E.  Salkowski,  Zeitschr.  f.  physiol.  Chemie,  xv.  286,  1S91. 


CHAPTER  VII, — THE  URINE. 


427 


3'-^  E.  Sallowshi,  ibid,  302. — lluppert,  I.e.,  p.  310. — Stokvis,  Med.  Tidsclir.  voor 
Geneeskundc,  Pt.  ii.  409  (sep.  pub.). 
'■^^  UaUiburton,  I.e.,  p.  750. 

Hoppe-Scylcr,  Handbuch  der  chem.  Analyse,  5tli  edit.,  p.  298. 
•'-^  MacMunn,  eited  by  Halliburton,  I.e.,  p.  750. 

Lc  Nohd,  Pfl tiger's  Archiv,  vol.  xl.  1887. 
^"^  Jastrowitz,  see  Salkowd  i,  I.e.,  p.  306. — Ilammarsten,  Skandin.  Archiv  f.  Phy- 
siol., iii.  319,  1891. — Jolles,  Wiener  med.  Wocliensclir.  (sep.  pub.),  1S91. 
MacMunn,  Proc.  Physiol.  Soc.,  1890,  p.  13. 
••^1  See  Huppert.  I.e.,  p.  57  ;  Lcuhc  and  Salkowski,  I.e.,  p.  148  ;  and  lioppe-Seyler, 
I.e.,  p.  207. 

Jaffe,  Centralbl.  f.  d.  med.  Wissensch.,  x.  2,  481  and  497,  1872  ;  Virehow's 
Archiv,  Ixx.  72,  1887. — E.  Salkowski,  Ber.  der  deutschen  chem.  Gesellsch.,  ix.  13S 
and  408,  1876. — Baumann,  Pfliiger's  Archiv,  xiii.  285,  1S76. — Baumann  and 
Brieger,  Zeitsehr.  fiir  physiol.  Chemie,  iii.  254,  1879. 
^  See  V.  UdnUisky,  ibid.,xii.  544,  1888. 

•™  Senator,  Centralbl.  f.  die  med.  Wissensch.,  xv.  357,  370,  38S,  1877. — Hennige, 
Archiv  f.  klin.  Med.,  xxiii.  271,  1880. 

Baumann,  Zeitsehr.  f.  physiol.  Chemie,  x.  123,  1886. 
^  Pr.  Mailer,  Mittheil.  aus  der  Wiirzburger  Klinik.,  ii.  341,  1886. — Ortweiler, 
ibid.,  p.  153. — C.  A.  Eioald,  Virehow's  Archiv,  Ixxv.  409,  1879. 

^'^  Hochsinger,  Wiener  med.  Presse,  xxxi.  1570,  1618,  1890.  Deutsche  med. 
Wochenschr.,  No.  12,  1891. 

^  Compare  also  East  and  Boas,  Miinchener  med.  Wochenschr.,  xxxv.  55,  1888 
Bohland,  Deutsche  med.  Wochenschi-. ,  xvi.  1040,  iSgo. 
Jaffe,  Pfliiger's  Archiv,  iii.  448,  1870. 

See  Senator,  Centralbl  f.  die  med.  Wissensch.,  xv.  257,  1 87 7. 
Halliburton,  I.e.,  p.  744. 

Obermayer,  Wiener  klin.  Wochenschr.,  iii.  176,  1890. 

Weber,  Zeitsehr.  f.  anal.  Chemie,  xviii.  634,  1879  (see  Archiv.  der  Pharm., 
ccxiii.  340,  1879). 

^'^^  Halliburton,  I.e.,  p.  744. 

Salkoioski,  Virehow's  Archiv,  Ixviii.  407,  1876. 

■'■'^  G.  and  Z.  Kriisn,  Colorimetrie  und  quantitative  Spectral-analyse  von  Ham- 
burg.   Leipzig,  1891. 

3-^  Jiosin,  Centralbl.  f.  klin.  Med.,  505,  1889  ;  Virehow's  Archiv,  cxxiii.  1891. 

'■^^  Jioseiibach,  Berhner  klin.  Wochenschr.,  xxvi.  1490,  1889 ;  xxvii.  581,  1890.— 
Boginsky,  Archiv  f.  Zinderheilkunde,  xiii.  312,  1891.— Salkowski,  Berlin,  klin. 
Wochenschr.,  xxvii.  202,  1889.— i'.  A.  Ewald,  ibid.,  xxvi.  953,  1889.— .iira/wwi, 
ibid.,  xxvii.  385,  1891.—  Rumpel  and  Mester,  Centralbl.  f.  klin.  Med.,  xii.  527  (ref.), 
1891. 

"50  Briegcr,  Zeitsehr.  f.  physiol.  Chemie,  iv.  414,  1880. 

3"  Briegcr,  Zeitsehr.  f.  klin.  Med.,  iii.  468,  1881.— Mester,  Zeitsehr.  f.  physiol. 
Chemie,  xii.  130,  1888. 

E.  Salkowski,  Centralbl.  f.  die  med.  Wissensch.,  xiv.  S18,  1876. 
3.W  Brieger  see  (351). 

3"  Hoppe-Seyler,  Zeitsehr.  f.  physiol.  Chemie,  xii.  i,  i88j.—Poeld,  Petersburger 
med.  Wochenschr.,  xii.  423,  1887.— Aas<  and  Boas,  Munch,  med.  Wochenschr., 
XXXV.  55,  1888. 

Rumpf,  Zeitsehr.  f.  physiol.  Chemie,  xvi.  220,  1892. 

3-)8  Brieger,  see  (351). 

■■'•"7  Baumann,  Zeitsehr.  f.  physiolog.  Chemie,  i.  71,  1878. 

•"8  E.  Salkowski,  Virehow's  Archiv,  Ixxix.  551,  1880;  ;ind  Zeitsehr.  f.  phvsiolog. 
Chemie,  x.  346,  1886. 


428 


BIBLIOGRAPHY. 


II.  JmmIoU,  Ber.  der  deutschen  cbem.  Gesellsoh.,  iv.  771,  iS-ji.—Bauviann 
and  Bricf/er,  Zeitschr.  f  iir  physiolog.  Chcmie,  iii.  149,  1879  ;  and  Bcr.  dcr  dontscliun 
chem.  Grcsellsch.,  xii.  804,  1879. 

Baumann,  Zeitschr.  £.  physiol.  Chemie,  x.  129,  1886. 
'^^  Baumann,  Plliig'er's  Archiv,  xiii.  63,  1875  >  '^'"^  Zeitschr.  f.  pliysiolog.  Chemie, 
vi.  183,  1882. 

See  lluppcrt,  Vogcl,  Ncuhaucv,  I.e.,  p.  76. 
3iiS  Iff  Ehstein  and  /.  Muller,  Virchow's  Archiv,  Ixii.  554,  1873  ;  Ixv.  394,  1875. 
•"^  Baumann  and  Frcusse,  Du  Bois-Reymond's  Archiv  f.  Anat.  u.  Physiol,,  245, 
1879. 

Huppert,  I.e.,  p.  78. 

Baumann  and  P7-cassc,  Zeitsclir.  f.  physiol.  Chemie,  iii.  157,  1879. 

iJaumajm,  Berichte  d.  deutscheii  chem.  Gesellschaft,  xii.  1450,  1879;  cxxxiii. 
79,  1880  ;  Zeitschr.  f.  physiol.  Chem.,  iv.  304,  1880. — •/;'.  and  II.  Salkowshi,  Berichte 
d.  deutschen  chem.  Gesellschaft,  xii.  1438,  1879. 
"'"^  Iluppert,  I.e.,  p.  151. 

Schultzea  and  Riess,  see  Iluppert,  I.e.,  p.  151. 

Kirk,  see  Iluppert,  I.e.,  p.  152. —  Wolkoio  and  Baumann,  Zeitschr.  f.  physiol, 
Chemie,  xv.  228,  1891. 

Baumann,  Zeitschr.  f.  physiolog.  Chemie,  iv.  311,  1880. 
•'7-  Boedeker,  Zeitschr.  f.  rat.  Med.,  vii.  130,  1857. — Ebstein  and  /.  Midler, 
Virchow's  Archiv,  Ixii.  554,  1873;  Ixv.  394,  i^Te^.—Fiirhringer,  Berliner  klin. 
Wochjnschr.,  xii.  313,  1875.— i^'Zei  eher,  ibid.,  xii.  529,  547,  1875. 

a-a  'W'olkow  and  Baum-inn,  I.e.,  p.  252. — Kraskc  and  Baumann,  Miinchener  med. 
Wochenschr. ,  xxxviii.  i,  1891. 

Cooper  Lane,  Ann.  d.  Chemie  und  Pliarmacie,  cxvii.  Ii8,  1861  (contributions 
from  Prof.  C.  Boedecker's  laboratory). 
See  Iluppert,  I.e.,  p.  102. 
■'''8  Zeller,  Archiv  f.  klin.  Chirurgie,  xxix.  9,  1884. 

V.  Jaksch,  Zeitschr.  f.  physiol.  Chemie,  xiii.  385,  iSSg.—PoUak,  Wiener  med. 
Presse,  xxxix.  1473,  1515,  1556,  1889. 

■'"8  ThormaJdeii,  Virchow's  Archiv,  cviii.  317,  1887. 

Krukeiiherg,  Maly's  Jahresber.,  xiv.  60  (ref.),  1885  ;  and  Chem.  Untersuch. 
in  wissenschaftl.  Med.,  Pt.  ii.  p.  128.    Jena,  1888. 

»  Salkowshi,  Zeitschr.  f.  physiol.  Chemie,  ix.  127,  1884. 
381  Dreschjield,  Schmidt's  Jahrb,,  ccxiii.  213  (ref.),  1887. 
Senator,  Charite-Aunalen,  xv.  (sep.  pub.),  1890. 

See  Mselt,  Prager  Vierteljahrsschr.,  lix.  190,  1858,  and  Ixx.  87,  1862  ;  A. 
Pribram,  ibid.,  Ixxxviii.  16,  1865;  Dressier,  ibid.,  ci.  68,  1869;  Ganghofncr  and 
Pinhram,  ibid.,  cxxx.  77,  1876 ;  E.  Wagner,  Berliner  klin.  Wocheaschr.,  xxvii.  431, 
1884  ;  Panel//,  Archiv  f.  klin.  Chirurgie,  xxviii.  179,  1884;  K.  A.  H.  Morner,  Zeit- 
schr. f.  physiol.  Chemie,  xi.  66,  1886  ;  Miuva,  Virchow's  Archiv,  cvii.  250,  1887  ; 
Brandl  and  L.  Pfeiffer,  Zeitschr.  f.  Biologie,  xxvi.  348,  1890. 

3*4  V.  Jaksch,  Ueber  Acetonurie  und  Diaceturie.  Berlin,  1885.— Z^c  Bocck  and 
A.  Slosse,  De  la  Presence  de  I'Acetone  dans  I'LTrine  alienes,  &c.,  1S91. 

385  Lorcnz,  Zeitschr,  f.  klin.  Med.,  xix.  19,  1891. 

386  Baginsky,  Archiv  f.  Kinderheilkunde,  ix.  i.  1887. 

387  V.  Jaksch,  Zeitschr.  f.  klin.  Med.,  x.  362,  i2,^.—Juffingcr,  Wiener  klin. 
Wochenschr.,  i.  367,  1888.— S.  West,  Maly's  Jahresbericht,  xix.  418  (ref.),  1S90.— 
Paiviiiski,  Berliner  klin.  Wochenschr.,  xxv.,  No.  50,  1888.— Xomis,  I.e.,  p.  54. 

388  lioscnfeld,  Deutsche  med.  Wochenschr.,  No.  40,  1885.— i'/j/tm/j/i,  Inaug. 
Dissert.,  Breslau,  188$.— Ilonigmann,  Inaug.  Dissert.,  Breslau,  1SS6.— /»/t',  Inaug. 
Dissert.,  Wiirzburg,  1886. 

™  For  the  other  reactions  of  acetone,  see  v.  Jaksch,  Ueber  Acetonurie  und 


CHAPTER  VII. — THE  URINE. 


429 


Diiicetiirie,  I.e.,  p.  21  ;  also  Lorens,  I.e.,  p.  21. — Ken  Tanlijuti  and  /i.  Salkowski, 
Zeitschr.  f.  physiol.  Chcmie,  xiv.  476,  1890. 

r.  Jaksc/i,  Zeit.sclir.  f.  plivsiol.  Chcmie,  vi.  541,  1882. — Nencki,  see  Pawimki 

(387). 

Messinger,  Berieht.  d.  deiitseh.  chein.  Gcscllsch.,  xxi.  3366,  1888. 
Iluppert,  I.e.,  p.  470. 

li.  V.  Enycl,  Prager  med.  Wochenschr.,  xvi.  247,  1891.— i^croio,  Kivista  clinica, 
Arehivio  italiauo  di  clinica  Medica,  xxx.  (sep.  pub.),  1S91. 

V.  Jaksch,  Ucber  Acetonurie  uud  Diaceturie,  I.e.,  p.  loi. 

1'.  Jaksch,  Zeitschr.  f.  Heilkunde,  iii.  34,  1882. — Schraok,  Jahrbuch  f.  Kinder- 
lieilkunde,  xxix.  411,  1S89. 
™  V.  Jaksch,  ibid.,  p.  116. 

r.  Jaksch,  58  Versammlung  deutseher  Naturforscher  und  Aerzte  in  iStra.ss- 
burg,  Sept.  18S6 ;  Zeitschr.  f.  klin.  Med.,  si.  307,  1886  ;  Zeitschr.  f.  ph3-siol. 
Chcmie,  x.  536,  1886. 

I'.  Rokitanskij,  Wiener  mod.  Jahrb.,  ii.  (No.  i),  205,  1887. 

1".  Jaksch,  see  (397). 

^'"i  Salkowski,  Centralbl.  f.  d.  med.  Wissensch.,  xxvi.  No.  38,  1888;  and  Zeitschr. 
f.  physiol.  Chemie,  xiii.  265,  1SS9.— ZiTm  Taniguti,  ibid.,  xiv.  980,  1890. 
E.  Schiltz,  Prager  med.  Wochenschr.,  vii.  322,  1882. 
See  (87). 

See  also  Rassmann,  Centralbl.  f.  d.  med.  Wissensch.,  xis.  567  (ref.),  1881. 
Grim,  Langenbeck's  Archiv,  xxsii.  511,  1885. 

Bricgcr,  Zeitschr.  f.  physiol.  Chemie,  iv.  407,  1880.—^.  milo;  Yirchow's 
Archiv,  cvi.  126,  iS86.—Rossbach-Goetze,  Verhandl.  des  Congresses  f.  inuere  Med., 
vi.  212,  iS87.~Xisch,  Deutsche  med.  Wochenschr.,  xii.  39,  iS86.~Francotte, 
Schmidt's  Jahrb.,  ccxiii.  145  (ref.),  18S7. 

^"^  Langgaarcl,  Virchow's  Archiv,  Ixxvi.  545,  1S79. 

Fiirhringcr,  Archiv  f.  klin.  Med.,  xviii.  154,  i8-j6.~Cza'pek,  Zeitschr.  f.  Heil- 
kunde, ii.  345,  1 88 1. 

See  Buppcrt,  I.e.,  p.  494. 
""8  For  other  methods  for  the  determination  of  oxalic  acid  in  the  urine,  such  as 
those  by  Schultzcn  and  Bucliheim,  see  Lcuhe  and  Salkoiuski,  I.e.,  p.  iiS  ;  W.  31  ills, 
Virchow's  Archiv,  xcix.  305,  1885  ;  Salkoivski,  Zeitschj-.  f.  physiol.  Chemie,  x  i-'o' 
1886;  iVicW,  ibid.,  xi.  189,  1887. 

Fiiriringer,  Archiv  f.  klin.  Med.,  xvi.  516,  1875. 

Cantani,  Oxalurie,  Germ,  transl.  by  Hahn.    Berlin,  1880. 

BcyUe,  Schmidt's  Jalu-b.,  Ixvii.  52  (ref.),  1850. 

Neidcrt,  Munchener  med.  Wochenschr.,  xxxvii.  590,  1890. 

/{isch,  oral  communication. 

Ebstein,  Deutsches  Archiv  fiir  Win.  Med.,  xxiii.  13S,  1878,  and  xxx.  1S8, 1882  ; 
turther  see  .4.  Niemann,  Deutsches  Archiv  f.  klin.  Med.,  xviii.  223,  1876  ;  Lochiseh, 
Annalcn,  clxxxii.  231,  1876  ;  Steffenhagen,  Virchow's  Archiv,  c.  416,  1885. 
Stadthagen  and  Brieger,  Berliner  klin.  Wochenschr.,  xxvi.  344,  1889—!'. 
Ud^-dnshj  and  E.  Baumavn,  Zeitschr.  f.  physiol.  Chemie,  Ixxv.  77,  1890. 
See  A.  Hermann,  Zeitschr.  f.  phj-siol.  Chemie,  xii.  496,  1888. 
Z  ^^'ff''  5°^'  iS88.-CWem-,  Zeitschr.  f.  Biologic,  xxnI  84,  18S9. 

Fokker,  Pflliger's  Archiv,  x.  153,  1875  J  xiv.  389,  1889. 
-  E.  Salkoiuski,  Virchow's  Archiv,  Ixviii.  401,  1S76  ;  Zeitschr.  f.  phvMol.  Cliemie, 
XIV.  31,  1890.  •  ' 

■'■•'^  E.  Salkowski,  Lcuhe,  and  Salkowski,  I.e.,  p.  96. 

E.  Ludwig,  Wiener  med.  Jahrb.,  597,  1884. 
•■-='  Fleischer  and  Penzoldt,  Deutsches  Archiv  f.  klin.  Med.,  xxvi  401    1S80  — 
iJo/tW  and  5c/i«rr,  Pflliger's  Archiv  f.  Physiologic,  xlvii.  469,  1S90 


430 


BIBLIOGRAPHY. 


Cf.  Stadthagen,  Virchow's  Archiv,  cix.  390,  1887. 
V.  Bamhenjer,  Oesterr.  Zoitschr.  f.  prakt.  Heilkundc,  vi.  7,  i860. 
4-'"  Salhoioski.,  Virchow's  Archiv,  cxvii.  570. 

••-'7  V.  Jaksch,  Der  Weiiigeisfc  als  Heilmittel,  Wiesbaden,  1890.— See  also  L. 
Thoiiws,  Anleitimg  znr  qiialitativen  nnd  quantitativen  Analyse  des  Harns,  9th  edit., 
p.  237.    Wie.sbaden,  1890. 

Compare  also  A.  l/au/'s  Harnsiiurestudien,  and  G.  Jlofman,  Prager  med. 
Wochenschr. ,  xiv.  329,  1889. 

Prout,  Taylor's  Med.,  p.  699. 
«  V.  Jaksch,  I.C.,  p.  32. 

V.  Jaksch,  Zeitschrift  zu  E.  Henoch's  70  Geburtstag,  Berlin,  1S90.—L.  Thomas, 

I.e.,  p.  221. 

132  Bernabei,  Centralbl.  f.  klin.  Med.,  x.  (ref.),  1889. 

••38  Bilfner,  Zeitschr.  f.  physiol.  Chemie,  i.  350,  1877  ;  and  Jacobj,  Zeitschr.  f. 
analyt.  Chemie,  xxiv.  307,  1885. 

Pfliiger  and  Sckenck,  Pfluger's  Archiv,  xxxviii.  325,  1886 ;  Schenck,  ibul., 
xxxviii.  511,  1886 ;  and  E.  Salkoivski,  Zeitschr.  f.  physiol.  Chemie,  x.  no,  1886. 
43«  Biinsen,  Gasometrische  Methoden,  2nd  edit.,  p.  357,  1877. 
Pfliiger,  see  (434). 
Huppert,  I.C.,  p.  531. 

438  Mehu,  Urine  normale,  &c..  I.e.,  p.  136. 

439  G.  Lange,  Pfluger's  Archiv,  xsxvii.  45,  1885. 

4*0  mippcrt,  I.e.,  p.  504.— //oj3pe-&2/Zer,  I.e.,  p.  363.— Zew6e-<S'aa-owsi-i,  I.e.  p.  58. 

441  MUrner  and  /.  Sjoqvist,  Skandinav.  Archiv  f.  Physiol.,  ii.  438,  1891.  ^ 

442  Will-Varrentrapp,  see  Leube-Salkowski,  I.e.,  p.  58.—/.  Kjedahl,  Zeitschr.  f. 
analvt..  Chemie,  xxii.  336,  1883. 

443"  Ncubauer,  Annal.  der  Chemie  und  Pharraacie,  cxix.  27,  1861. 

444  Pouchet.  Maly's  Jahresber.,  viii.  247  (ref.),  1881. 

445  Orocco,  La  Creatinina  in  Urine  normali  at  patologiche.    Perugia,  1886. 
448  Senator,  Virchow's  Archiv,  Ixviii.  422,  1876. 

447  See  Thomas,  Neubaucr,  and  Vogd,  Pt.  ii.  p.  583.    Wiesbaden,  1890. 

448  Baldi,  Maly's  Jahresbericht,  xix.  132  (ref.),  1890. 

449  Th.  Wcyl,  Ber.  der  deutschen  chem.  GeseUsch.,  xi.  217,  1878. 

450  Jaffe,  Zeitschr.  f.  physiol.  Chemie,  x.  399,  i?>d,6.—Colasanti,  Maly's  Jahres- 
bericht, xix.  132  (ref.),  1890. 

451  Neubaucr,  Annal.  der  Chemie  und  Pharmacie,  cxix.  33,  1861. 

462  Salkoicski,  see  Leube  and  Salkoivski,  Die  Lehre  vom  Harn,  p.  1 1 1.   Berlin,  1882. 

453  Taniguti  and  Salkowski,  Zeitschr.  f.  physiol.  Chemie,  xiv.  471,  1890. 

454  Thudichuvi,  Compt.  rend.,  cvi.  1803,  1888. 

435  Salomon,  Zeitschr.  f.  physiol.  Chemie,  xi.  410,  1887. 

45(i  For  exhaustive  information  relative  to  these  and  other  xanthin  bodies,  see 
Huppert,  I.C.,  p.  200  and  551  ;  (?.  Bruhns,  Zeitschr.  f.  physiol.  Chemie,  xiv.  533,  1S90. 

457  A  G  Pouchet,  Comptes  rendus,  xcvii.  1560,  1883,  and  c.  361,  1885. 

458  Ch.  Bouchard,  Comp.  rend.  Soc.  Biolog.,  604,  1882;  665,  1884;  see  Maly  s 
Jahresber.,  xii.  55,  1883,  and  xiv.  216,  1885. 

459  Lepine  and  Guerin,  Eevue  de  Mddicine  (Sup.),  1885. 
400  A.  Villiers,  Comptes  rendus,  c.  1246,  1885. 

461  A.  G.  Pouchet,  see  (457). 

4<w  Feltz,  Maly's  Jahresbericht,  xvii.  433  (ref.),  1888.  .     ,  . 

403  upmc,  Centralbl.  f.  klin.  Med.,xi.  12  (ref.),  i?>cp.- Lepinc  and  Auhcrt,  Comptes 
rendus  (sep.  pub.),  July  1885.  ,    . .  o 

464  Eoges  and  Gaume,  Centralbl.  f.  kliu.  Med.,  xi.  12  (ref.),  1890. 

405  Bouchard,  Legons  sur  les  Autointoxications  dans  les  Maladies,  Pans,  ibb?  ; 
and  Comptes  rendus,  cvi.  1582,  1888. 


CHAPTER  VII. — THE  URINE. 


Tanret,  Boiichardat,  and  Cardier,  see  Hiippert,  I.e.,  p.  220. 
^  Oautier,  Malj's  Jahresboricht,  xvi.  523  (ref.),  1887. 
■"^  V.  Udrdnskij  and  Baamann,  see  Chap.  v.  (164). 

•^^  Kerry  and  Kobler,  Wiener  klin.  Woohenschr.,  iv.  525,  1S91.  —  Gr'iffilhs, 
Fortschrittc  der  Medicin,  x.  112  (ref.),  1872. 

F.  Jaksch,  Wiener  klin.  Woclienschr.,  iii.  loii,  1S90. 

Bruschcttini,  Eiforma  med.,  April  11,  1892. 

V.  Jaksc/i,  Zeitschr.  f.  Heilkunde,  xi.  440,  1890. 

Brieyer  and  Friinkcl,  Berliner  klin.  Wochenschr.,  No.  11  (sep.  pub.),  1890. — 
Briegcr,  Zeitschr.  f.  klin.  Med.,  Supp.  to  vol.  xvii.  253,  1890. 

V.  Briicke,  Sitzungsber.  der  kais.  Akademie,  Vienna,  xliii.  61S,  1881. 
Sahli,  Pfliiger's  Archiv,  xx.xvi.  209,  18S5. — Leo,  ibid.,  xxxvii.  223,  1885. — 
Gehrig,  ibid.,  xxxviii.  38,  iSi^.—Stadtlmann,  Zeitschr.  ftir  Biologie,  xxiv.  226, 
18S7  ;  XXV.  208,  1888. — Schnapauff,  Maly's  Jahresbericht,  xix.  199  (ref.),  1890.— 
Patella,  Schmidt's  Jahrbiicher,  ccxvii.  117  (ref.),  1 888. 

GrUtzncr,  Miinchener  medic.  Wochenschr.,  xxiv.  946,  1887. 
Leo,  Verhandl.  d.  Congresses  f.  in.  Med.,  vii.  364,  1888. 
■'''^  Ml/a  and  Belfanti,  Centralbl.  flir  klin.  Medicin,  vii.  729,  1886. 

Hovoltschiner,  Virchow's  Archiv,  civ.  42,  1886.  —  Rosenberg,  Dissertation, 
Tiibingen,  1890. 

^"  Breusing,  ibid.,  cvii.  186,  1887. 
Leo,  see  (477). 
Hovoltschiner,  see  (479). 
^'^  Boas,  Zeitschr.  fiir  klin.  Medicin,  xiv.  264,  1888. — Helloes,  Pfluger  s  Archiv, 
xliii.  3S4,  1888. 

Musculus,  Pfliiger's  Archiv,  xii.  214,  1875.— ilftywc/,  Berichte  d.  deutscben 
chem.  Gesellschaft,  xxiii.  702  (ref.),  1890. 
^  Leube,  Virchow's  Archiv,  c.  540,  1885. 
^  Compare  Benderky,  Virchow's  Archiv,  cxxi.  554,  1S90. 

■^^  Redtenhacher,  Wien.  med.  Zeitschr.,  373,  1850.  See  L.  Thonuis,  Neubauer,  and 
Vogel  (2),  549,  1^?,$.— Heller,  Heller's  Archiv,  i.?23,  1844.-2^.  Bohmann,  Zeitschr. 
fiir  klin.  Med.,  i.  513,  1886. 

Gluzinski,  Berl.  klin.  Wochenschrift,  xxiv.  983,  1887  ;  also  G.  Sticker  ibid 
p.  768.  ' 
E.  Salkowski,  Zeitschr.  fiir  physiol.  Chemie,  v.  2S5,  18S2. 
Volhard.  Annalen  der  Chemie,  cxc.  24,  1877.-800  Leube  and  Salkoicski  1  c 
p.  168.  '  ■' 

Bouylants,  Maly's  Jahresbericht,  xviii.  134  (ref.),  1890. 
■"'■^  See  E.  Salkowski,  Virchow's  Archiv,  Iviii.  472,  1S73  ;  Pfliiger's  Archiv,  xxxix. 
201,  18S7  ;  Berliner  klin.  Wochenschr.,  No.  36,  25,  1888. 

■•"s  Hefftcr,  Archiv  fiir  die  ges.  Physiologic,  xxxviii.  476,  1886. 

Lennmalm,  Lakare  forenings  Forhandlingen,  xxv.  No.  34,  1890. 
«3  /.  Teissier,  Lyon  mddicale,  xix.  307,  1875;  Maly's  Jahr'esber,  v.  311  (ref.). 
1876. 

Stokvis,  Centralbl.  fiir  d.  medic.  Wissensch.,  xiii.  801,  1875  ;  see  also  E.  A. 
Eicald,  Berliner  klin.  Wochenschr.,  xx.  484,  502,  1883  ;  Zillzer,  Virchow's  Archiv^ 
Lxvi.  223,  1876;  Luigi  Varvni  and  Enrico  Pons,  Maly's  Jahresber.,''xvii.  446  (ref.)' 
1888  ;  Mosse  and  Banal,  Centralbl.  f.  klin.  Med.,  xi.  303  (ref.),  1890. 
V.  Jaksch,  Fortschrift  zu  Henoch,  p.  11. 
Lennmalm  in  I.e.  (494)  gives  full  references  to  the  literature. 
■«»  See  Peyer,  Volkmann's  klinische  Vortrage,  No.  336,  1889. 
5«»  Neubauer,  Archiv  fiir  wissenschaftl.  Heilk,  iv.  288'  1859,"  v.  ^,19,  i860  •  and 
Iluppert,  I.e.,  p.  450.  '  ' 

See  Huppert,  I.e.,  p.  520. 


432  BTB1>I0GRAPHY. 

1502  Q  Wnrstei'  and  A.  Schmidt,  Contralbl.  fur  I'liysiol.,  i.  421,  1887. 
™3  Schonhcin,  Journal  fiir  prakt  Chcmic,  xcii.  150,  1864. 
•'W  Mhniann,  Zeitschr.  fiir  physiol.  Chemie,  iv.  248,  1880. 
™»  SlrliiapcU,  Archiv  fur  Heilk.,  xvii  390,  1876. 

6""  Salkowsld,\.c.,  p.  393.— iVcsc/i,  Vircbow's  Archiv,  cxix.  148,  1890.— See  also 
Vircbow's  Arcbiv,  cxxv.  102,  1891. 

Pfciffer,  Verhandl.  d.  Congresses  f.  in.  Med.,  ix.  408,  1890. 
■"18  SertcU,  Gazett.  med.  ital.  lomb.,  ii.  Serie  vi.  197,  1869.— ilfunX;,  Vircbow's 

Arcbiv,  Ixix.  354,  1877.  ,        ,  , 

Bciz,  Memorabilien,  xxvi.,  1874 ;  sec  L.  Thomas,  Neuhaucr,  and  Vorjel,  I.C., 
p.  498.-&naior,  Berliner  klin.  Wochenscbr.,  v.  251,  i868.-,%e/««o,  Gazetta  degli 

Ospedali,  1883.  -,     ^    00      o      ;  • 

51"  Fr  Mailer,  Berliner  klin.  Wochenscbr.,  xxiv.  405  and  436,  1S87. —Jiosenheim, 

rortscbr.  der  Med.,  v.  345,  1887  ;  and  Th.  Rosenheim  and  Gutzmann,  Deutsche 

med.  Wochenscbr.,  xiv.,  No.  10,  1888. 

=11  Emil  Fischer,  Ber.  der  deutscben  cbem.  Gesellscb.,  xvi.  2234,  1883. 

Schonbein,  Journal  fiir  prakt.  Chemie,  xcii.  168,  i860. 
«3  See  Him->ert,  Neubaucr,  and  Vorjd,  I.e.,  p.  2S.-Lcuhe  and  SalkuwsJci,  I.e., 

^'  ^°\ee  Wurstcr  and  Schmidt,  Centralbl.  fiir  Physiol.,  i.  421,  1S87. -MiiUer,  Ber- 
liner klin.  Wochenscbr.,  xxvi.  889,  1889.  ,     .  ,  .      ,        ...  o 
Ehrlich,  Zeitschr.  fiir  khn.  Med.,  v.  285,  1882  ;  Charite-Annalen,  via.  2S, 

1883.  ,  ...  „„, 

516  F.  G.  Goldschmidt,  Mlincbener  medic.  Wochenscbr.,  xxxiii.  35,  IS8O. 

517  Penzoldt,  Berl.  klin.  Wochenscbr.,  xx.  No.  14,  1883. 

518  Petri,  Zeitschr.  fUr  klin.  Med.,  vii.  500,  18S4. 

519  i'TirZic/i,  Charite-Annalen,  xi.  139,  1886. 

620  For  other  notices  as  to  the  literature,  see  Escherich,  Deutsche  med. 
Wochenscbr.,  No.  4,  1884  ;  Piering,  Zeitschr.  f.  Heilkunde,  vi.  S",  1885;  Cnopf, 
Inauo-  Diss  Niirnberg,  1887;  Brcchte,  Lovinson,  Georgieivski,  D.  Fischer,  Maly  s 
Jabresbericbt,  xiii.  185  (ref.),  1884;  Brehmer,  Grundies,  ibid.,  xiv.  449,  1885; 
Eutimeyer,  Correspondenzbl.  f.  Schweizer  Aerzte,  xxvi.  (sep.  pub.),  1890  ;  Roivard 
Taylor,  Schmidt's  Jabresbericbt,  228,  277  (ref.),  1890. 

5--!i  V.  Jaksch,  Prager  med.  Wochenscbr.,  xvi.  94,  1891. 

522  Jiale  White,  Brit.  Med.  Jouru.,  May  21,  1892. 

523  Sehrioald,  Deutsche  med.  Wochenscbr.,  xvi.  520,  1890. 
52-1  <?Zascr,  ibid.,  xvii.  1 193,  1 89 1. 

525  V  Jaksch,  Deutsche  med.  Wochenscbr-.,  xiv.,  No.  40  and  41,  iSbb. 
5=(i  Compare  r.  Noorden  and  .4.  Fitter,  Zeitschr.  f.  kUn.  Med.,  xix.  197,  1891- 
5-37  Fischl,  Zeitschr.  fiir  Heilkunde,  vii.  279,  1886.  o      q  v 

528  Schnit^ler,  Centralbl.  f.  Bacteriol.  u.  Parasitenkunde,  viii.  789.  i^90.  J^or 
further  literature,  see  Levy,  Archiv  f.  experiment.  Pathol,  u.  Pbarmak.,  xxix.  152, 

^^^«"  Compare  also  Krogius,  Maly's  Jabresbericbt,  xx.  469  (ref.),  1891. 

530  Guyon,  Wiener  med.  Presse,  xxx.  11,  55,  95,  i8S9- 

531  Bockhart  Monatshefte  fiir  prakt.  Dermatologie,  No.  4,  134,  i^bb. 

532  Neisser,  Centralbl.  fiir  die  med.  Wisseusch.,  xvii.  497,  i879.--Bum«i,  Der 
Mikro-organismus  der  gonorrhoischen  Schleimhauterki-ankungen,  '  Gonococcus 
Nasser  "    Wiesbaden,  i885.-5oc7J.ari,  Monatshefte  fur  prakt.  Dermatologie, 

""VVZ^^iener  Klinik.,  Pts.  xi.  and  xii.  Wien,  :886.-Z/aW.^..  Centr^. 
fur  Bacteriol  imd  Parasitenk.,  i.  70,  105,  iSSj.-Wendt,  ibid.,  in.  409  (ref.),  1 888. 

S°L,  Zur  Lebre  von  der  Gonorrhoe,  Vortrag  gehalten  in  Bonn, 
Gyniikologcn  Congress,  1891. 


CHAPTER  VII.  THE  URINE. 


■435 


_      JRoitx,  Baumgarten's  Jahresber.,  ii.  90,  18S8. 
^  0.  SchiUz,  Muucbencr  mod.  Wocbenschr. ,  xxxvi.  235,  1889. 

See  also  Finger,  Die  Blonnorrhoe  der  Sexualorgane,  p.  14.  Wien-Leipzig, 
iSSS. — Baumgarten's  Jahresber.,  ii.  83,  1887;  iii.  56,  1888;  v.  67,  1890. — Obcr- 
Idnder,  Berliner  Klinik,  Pt.  v.  1888. — Steinschneider,  Berliner  klin.  Wochenschr., 
xxvii.  533,  1S90. 

Filrhrimjer,  Arcbiv  fiir  klin.  Med.,  sxxiii.  79,  1881. 
^  Schultzen  and  Riess,  Cbaritd-Annalen,  xv.  1869, 
540  Prerichs,  Leberkrankheiteu,  i.  216,  1 86 1. 

Schultzen  and  Fiess,  Chemisches  Centralbl.,  xiv.  (2),  68r,  1869. — Rohmann,. 
Berliner  klin.  Wochenschr.,  xxv.  Nos.  43  and  44,  1888. 
^  V.  Jaksch,  Zeitschr.  ftir  physiol.  Chemie,  x.  536,  1886. 
^  Kraus  and  Ludwig,  866,(234). 

^  Compare  FatvUzki/,  Deutsches  Archiv  f.  klin.  Med.,  xlv.  429,  1889. 

Stokvis,  Verhandl.  des  Congresses  fiir  innere  Med.,  v.  125,  1886. 
^  R.  V.  Engcl,  Prager  med.  Wochenschr.,  xvi.  323,  1891. 

Minkotoski,  Archiv  fiir  exper.  Pathol,  und  Pharmak.,  sviii.  35  and  147, 
1884. — KiUz,  Zeitschr.  f.  Biologie,  xx.  165,  1884  ;  and  Ai'chivf.  exper.  Pathol,  xind 
Pharmak.,  xviii.  291,  1884.. 

V.  Jaksch,  Zeitschr.  fur  klin.  Med.,  xi.  307,  1886. 
^  Kiilz,  Zeitschr.  fiir  Biologie,  xxiii.  329,  1 886. 

Leo,  Deutsche  med.  Wochenschr.,  xii.  869,  1887. 
^  Kiilz,  Vernhandl.  des  Congresses  f.  in.  Med.,  x.  345,  1891. 

Hunter,  Lancet,  vol.  ii.,  188S,  p.  654. 

Halliburton,  I.e.,  p.  174. 

Fleischer  and  Penzoldt,  Deutsches  Archiv  fiir  klin.  Med.,  xxvi.  368,  1880.— 
Jacubasqh,  Virchow's  Archiv,  xliii.  196,  212,  1868. 
Prus,  see  (loS). 

5^  Salkowski,  ibid.,  lii.  58,  1871. —iVmcii  and  Sieber,  Journal  f.  prakt  Chemie, 
cxxxiv.  241,  1882  ;  compare  also  BoUand  and  Schwarz,  Pfluger's  Archiv,  xlvii., 
Pts.  ix.  and  x.,  1890. 

Midler,  see  (223). — Ohermayer,  see  (224). 

V.  Jaksch,  Zeitschr.  f.  physiol.  Chemie,  xvi.  243,  1892. 

Colasanti  and  Moscatelli,  Maly's  Jahresber.,  xvii.  212  (ref.),  i^^S—Moscatelli,. 
Archiv  f.  experiment.  Pathol.,  xxvii.  158,  1891. 
^  Heuss,  ibid.,  xxvi.  147,  1890. 

Keller,  Archiv  fiir  Gynakologie,  xxvi.  107,  1885. 
Fiirbringer,  Berliner  klin.  Wochenschr.,  xv.  332,  1873. 
Liubvig,  Wiener  med.  Jahrbiicher,  143,  1877,  and  493,  18S0. 
Schneider,  see  Chap.  v.  (151). 

Wolf  and  Nega,  Deutsche  med.  Wochenschr.,  xii.  15,  i6,  1886;  see  also  F. 
Welander,  Ann.  de  Dermat.  et  de  Syphil.,  vii.  7-8,  1886 ;  Schmidt's  Jahrb.,  ccxii. 
270  (ref.),  18S6. 
^  Alt,  Deutsche  med.  Wochenschr.,  xii.  732,  1886. 

Wintcrnitz,  Archiv  f.  experiment.  Pathol.,  xxv.  225,  18S9. 
5«8  Almin,  Maly's  Jahresber.  fiir  Thierchemie,  xvi.  221  (ref.),  1887.— See  also- 
BrugnatclU,  ibid.,  xix.  217  (ref.),  1890. 
^.  5cAhZ<^,  see  (401). 
5'"  Bonath,  Archiv  fiir  die  gesammte  Physiologie,  xxxviii.  528,  1886. 
5"  Be  Ruitter  and  Bonders,  see  v.  Beck,  Ziemssen's  Handbuch,  Ixxv.  368,  1876. 
572  ^  Paltauf,  Wiener  klin.  Wochenschr.,  i.  113,  1888. 
Olaser,  see  (524). 

Lieben,  Annal.  der  Chemie  und  Pharmacia,  vii.  (sup.  vol.),  236,  1870. 
575  j^ast  and  Mester,  Zeitschr.  f.  klin.  Med.,  xviii.  469,  1891. 

2  E 


434 


BIBLIOGRAPHY. 


Compare  G,  TMcm  and  0.  Fischer,  Maly's  Jahresbericht,  sx.  58  (ref.),  1891. 
•"''^  Mardchal,  Zeitschr.  fiir  analyt.  Chemie,  viii.  99  (ref.),  1869  ;  see  also  C.  Neu- 
hauei;  ibid.,  vii.  394,  1868. 

Baumcmn  and  Preusse,  see  (9)  and  (364). 
^™  0.  A.  Etoald,  Berliner  klin.  Wochcnschr.,  xii.  3,  1875. —  V-  Mering,  Centralbl, 
fiir  d.  med.  Wissensch.,  xiii.  945,  1875. 

^  Orandhomme,  Viertejjahrsschr.  fiir  gerichtl.  Med.,  xxxil,  1880  ;  see  Lewin'a 
Toxikologie. 

Fr.  MilUcr,  Deutsche  med.  Woclienschr. ,  xii.  27,  1887. 
^^■^  See  V.  Jaksch,  Prager  med.  Woclienschr.,  vii.  161,  1882  ;  and  Zeitschr.  f. 
klin.  Med.,  xi.  20,  1886. 

E.  Harnach,  Berliner  klin.  Wochenschr. ,  xxii.  98,  1885. 
Compare  QuaedvUeg,  Maly's  Jahresbericht,  xvii.  218  (ref.),  1888, 
Compare  Chopin,  Maly's  Jahresbericht,  xix.  192  (ref.),  1890. 
58ii  Xerner,  Pfiuger's  Archiv,  ii.  230,  1869. 

V.  Mering,  Zeitschr.  fiir  klin.  Med.,  vii.  148,  1884. 
^  V.  Jaksch,  Zeitschr.  fiir  klin.  Med.,  viii.  551,  1884. 

Fr,  MiiUer,  see  (581). 
->9o  Yvon,  Journal  de  Pharmac.  et  de  Chimie,  No.  i,  1887  ;  Therapeutische 
Monatshefte,  i.  80  (ref.),  1887. 

Morncr,  Zeitschr.  flu-  physiol.  Chemie,  xiii.  12,  1889 ;  cf.  Jaff4  and  Eilbert, 
ibid.,  xii.  295,  1888. 

Mailer,  Therapeutische  Monatshefte,  ii.  355,  1888. 
•™  Uhaldi,  Centralbl.  f.  klin.  Med.,  xi.  329  (ref.),  1891. 
•'5*  Munk,  Virchow's  Archiv,  Ixxii.  136,  1879. 

0.  Hoppe-Seyler,  Berl.  medic.  Wochenschr.,  xxiii.  436,  1886. 
Pcnzoldt,  Archiv  fiir  experim.  Pathol,  und  Pharmakol.,  xxi.  34,  1886, 
Edlefsen,  Congress  fiir  innere  Med.,  vii.  435,  1888. 


CHAPTER  VIII. 

EXUDATIONS,  ETC. 

1  Boettcher,  Virchow's  Archiv,  xxxix.  512,  1867. 
^  Bizzozero,  I.e.,  p.  108. 

^  Klempcrer,  Zeitschr.  fiir  klin.  Med.,  x.  158,  1886;  see  further  Baumgarten's 
Jahresber.,  i.  23,  1886  ;  ii.  13,  1887  ;  iii.  11,  1888. — A.  Zuckerniann,  Centralbl.  fiir 
'Bacterid,  und  Parasitenk.,  i.  497,  1887. 

■*  Grawitz  and  W.  de  Bary,  Virchow's  Archiv,  cviii.  67,  iSSy.—Schewrlen,  Archiv 
fiir  klin.  Chirurgie,  xxxvi.  925,  1888. — Kreihom  and  Bosenbach,  ibid.,  xxxvii.  737, 
1888. — Grawitz,  Virchow's  Archiv,  ex.  i,  1887. 

^'  Ogston,  Archiv  fiir  klin.  Chirurgie,  xxv.  588,  1880. — Rosenhach,  Ueber  die 
Wundinfectionskrankh.  des  Menschen.    Wiesbaden,  1884. 

"  Basset,  Fortschr.  der  Med.,  iii.  33,  68,  1885  ;  and  Untersuchungen  iiber  die 
Aetiologie  der  eiterigen  Phlegmone  des  Menschen.    Berlin,  1885. 

^  Bricger,  Charit(^-Annalen,  xiii.  198,  1888. — A.  Frankel,  ibid.,  p.  147. 

"  Levy,  Archiv  f.  experiment.  Pathol,  u.  Therapie,  xxvii.  379,  1890 ;  xxix. 
13s,  1891. 

"  Bujwid,  Centralbl.  f.  Bacterid,  und  Parasitenk.,  iv.  577,  18SS. 

"  Liicke,  Archiv  fiir  klin.  Chirurgie,  iii.  135,  1862. — Girard,  Chirurg.  Centralbl., 


CHAPTER  VIII. — EXUDATIONS,  ETC.  43  5 

ii.  so,  187s.— Ernst,  Zeitschr.  fiii-  Hygiene,  ii.  369,  iSSj.—Leddei'hose,  Centralbl.  fur 
Bacteriol.  u.  Pai-asitenk.,  iii.  581  (ref.),  1S88. 

"  Habermann,  Prager  mod.  Wocheuschr.,  x.  50,  1885.— /i.  ilfcyer.l  Centralbl,  f. 
klin.  Med.,  xi.  72,  1891. 

MetschnikoJ^,  Virchow's  Archiv,  xcvi.  177,  1884. 
Lustgarten,  Med.  Jahrbiicher  (Vienna),  89  and  193,  1885. 
"  Alvarez  and  Tavcl,  Archives  de  Physiologic  norm,  ct  pathol.,  vi.  303,  1885. 
"  Kamcn,  Internationale  klinische  Rundschau,  iii.  66,  114,  1889. 

De  Oiacomi,  Baumgarten's  Jahresber.,  i.  96  (ref.),  1886.— Boutreleponi  and 
Schiits,  Deutsche  med.  Wochenschr.,  xi.  320,  S12,  i88s—Marl:use,  Vierteljahrsschr. 
fiir  Dermatol,  und  Syphilis,  xv.  343,  1888.— Baumgarten,  Jahresber.,  ii.  263,  1887  ; 

iii.  75,  232,  18SS  ;  iv.  223,  18S9;  v.  237,  1890;  vi.  238,  1891.— Bender,  Centralbl. 
fiir  Bacteriol.  und  Parasitenk.,  i.  327,  357,  1S87, 

Bollinger,  Centralbl.  fur  die  med.  Wissensch.,  sv.  481,  1877. 
"  -Pon/ci-,  Die  Actinomycose.    Berlin,  1882. 

/.  Israel,  Virchow's  Archiv,  Ixxiv.  15,  1878;  Ixxviii.  421,  1879. 

Hoser,  Deutsche  med.  Wochenschr.,  xii.  369, 18S6.  See  also  Bostrom,  Verhandl. 
des  Congresses  fur  interne  Med.  in  Wiesbaden,  iv.  94,  1885.— 2ma»wi,  Wiener 
medic.  Jahrb.,  477,  1883.—/.  Israel,  Klin.  Beitrage  zur  Diagnostik  und  Casuistik 
der  Actinomycose.  Berlin,  1885.-0,  Israel,  Virchow's  Archiv,  xcv.  140,  1884 ; 
and  ibid.,  xcvi.  175,  188^.— Virclioiu,  ibid.,  xcv.  534, 1S84.— iS.  Paltavf,  Sitzungsber. 
ider  k.k.  GeseUsch.  der  Aerzte  in  Vienna,  Jan.  29,  1886. —Baumgarten,  Jahresber., 
1.  137,  1886;  ii.  311,  1887;  iii.  309,  1888;  iv.288,  1889;  V.  395,  1890.— Fliigge,  he, 
p.  116.— a  Frdnkel,  Grundriss  der  Bacterienkunde,  361.  Berlin,  1887.— Partsch 
V.  Volkmann's  Sammlung  klin.  Vortrage,  Nos.  306-307,  1888. 

^'1  Trans.  Path.  Soc,  1885  ;  Trans.  Med.  Chir.  Soc,  1886  and  1889. 
"  Lindt,  Centralbl.  fur  klin.  Med.,  48. 

Lancet,  May  17,  1890. 

Orloio,  Deutsch.  med.  Wochenschr.,  16,  1890. 
Anderson,  Trans.  Med.  Chir.  Soc,  Nov.  10,  1891. 

Bostrom,  Verhandl.  des  Congresses  fiir  interne  Med.  in  Wiesbaden,  iv.  94,  1885. 
—R.  Paltauf,  Sitzungsber.  der  k.k.  Gesellsch.  der  Aerzte  in  Vienna,  Jan.  29,  1886. 
Crookshanh,  Brit.  Med.  Jom-n.,  Nov.  14,  1891. 
^  Br.  W.  Hill,  ibid. 

Weigert,  Virchow's  Ai-chiv,  Ixxxiv.  285,  1881. 
Wedl,  ibid.,  Ixxiv.  142,  1878. 

Baranski,  Deutsche  med.  Wochenschr.,  xiii.  1065,  1887. 

Bujioid,  Centralbl.  f.  Bacteriol.  u.  Parasitenkunde,  vi.  630,  18S9. 
^  Buchner,  ibid.,  iv.  149,  1888. 

Liifflcr,  Arbeiten  aus  dem  kaiserl.  Gesundheitsamte,  i.  171,  1886. 
35  Kranzfeld,  Centralbl.  fur  Bacteriol.  und  Parasitenk.,  i.  273,  1887. 
^  Raskin,  Petersburger  med.  Wochenschr.,  xii.  357,  1887. 

^  Baimujarten,  Centralbl.  fur  Bacteriol.  und  Parasitenk.,  iii.  397,  18S8.  See 
further,  Baumgarten,  Jahresber.,  ii.  181,  1887;  iii.  156,  188S;  iv.  154,  1889;  v. 
226,  1890. 

^  See  Baumgarten's  Jahresber.,  ii.  118,  1887  ;  and  iii.  100,  1888. 
»  ^.  JTonsm,  Virchow's  Archiv,  Ixxix.  31,  iSSo,  and  xc.  542,  i882.-iVcmer, 
ibid.,  Ixxxiv.  514,  1881. 

■»»  Cf.  Wesener,  Centralbl.  fiir  Bacteriol.  u.  Parasitenk.,  i.  450,  1887  ;  ii.  131, 1887  • 
and  Baumgarten,  ibid.,  i.  573,  1887,  and  ii.  291,  i887.-Baumgarten's  Jahresbericht! 
11.  243,  1887  ;  iii.  217,  1888  ;  iv.  167,  216,  1889  ;  v.  240,  1S90. 

■"I  Melcher  and  Ortmann,  Berliner  klin.  Wochenschr.,  xxii.  193,  1885. 

^  Bordoni-Uffreduzzi,  Zeitschr.  fur  Hygiene,  iii.  1079,  1887. 

"  Manson,  Patrick,  Jour.  Lepr.  Investig.  Com,,  i.  40. 


436 


BIBLIOGRAPHY. 


Canipana,  RiCorraa  med.,  xiv.  1891. 

Kanlhack  and  Barclay,  Brit.  Med.  Journ.,  1891  ;  Virchow's  Archiv,  cxxv.  398,. 
1891. 

Bedvan  Eahe  and  Buehnastcr,  Indian  Lcpr.  Com.  Report. 
Stallaro,  Occid.  Med.  Times,  1890. 
^  Byron,  New  York  Dermatol.  Soc,  1892. 

Of.  Baumgarten's  Jahresber.,  ii.  270,  1887;  iii.  236,  18S8;  iv.  230,  1889;  v. 
201,  1890. 

Eitasalo,  Zeitsclir.  f.  Hygiene,  vii.  225,  1889. — Baumgarten's  Jahresbericht,. 
iv.  230,  1889;  V.  201,  1890, 
"  ^1  R.  Pfeifer,  Deutsche  med.  Wochenschr.,  xviii.  28,  1892. 
Kitasato,  ibid.,  xviii.  28,  1892. 
^3  Canon,  ibid.,  xix.  28,  48,  1892. 

^  R.  Paltauf,  Centralbl.  f.  Bacteriol.,  xi.  93,  1892.    Compare  Baumgarten's 
Jahresbericht,  vi.  82,  1S91. 

Eppinger,  Wiener  klin.  Wochenschr.,  iii.  321,  1890. 

^  Kunstler  and  Pitres,  Compt.  rend.  Soc.  Biolog.,  523,  1884.    See  Lcuckart,\.c.,. 
p.  964. 

57  Littcn,  Verhandlungen  des  Congresses  fur  interne  Medicin,  v.  417,  1886. 

58  Nasse,  Deutsche  med.  Wochenschr.,  xvii.  881,  1891. 

59  See  M.  Leo,  Heller's  Archiv  fur  Chemie  und  Mikroskopie,  i.  236,  1848. 
^  Babesiu,  see  Grassi  (61). 

Grassi,  Centralbl.  fur  Bacteriol.  und  Parasitenk.,  i.  617,  1887. 

Sarcani,  Wiener  med.  Presse,  xix.  222,  1888. 
^  Leyden,  Deutsche  med.  Wochenschr.,  xv.  46,  1889. 

Hofmeistcr,  Zeitschr.  fur  physiol.  Chemie,  iv.  253,  1880. 
65  Miescher,  Hoppe-Seyler,  Med.-chem.  Untersuchungen,  iv.  441,  1871. — Naunyn,. 
Reichert's  and  Du  Bois-Reymond's  Archiv  fur  Anat.  und  Physiol.,  166,  1865. 
"8  GuUmann,  Deutsche  med.  Wochenschr.,  xiii.  1097,  1887. 
^7  V.  Jakscli,  Zeitschr.  f.  Heilkunde,  xi.  440,  1890. 
•^8  Quincke,  Deutsches  Archiv  fur  klin.  Med.,  xxx.  569,  580,  1 882. 

■  6^  Bizzozero,  I.e.,  p.  94. 

■  ''^  Eichhorst,  Zeitschr.  fur  klinische  Medicin,  iii.  537,  1881. —  V.  Jaksch,  ihid-^ 
xi.  20,  1886;  and  (67). 

"  A.  Reuss,  Deutsches  Archiv  f.  klin.  Med.,  xxiv.  601,  1879,  and  xxviii.  317, 1881. 
'2  F.  A.  Hoffmann,  Virchow's  Archiv,  Ixxvtii.  250,  1878. 
7*  Boulengier,  Schmidt's  Jahrbuch,  ccxxvi.  28  (1890). 

Hasebroek,  Zeitschr.  f.  physiol.  Chemie,  xii.  289,  1888.    Compare  also  A. 
HirscUer  and  Buday,  M'aly's  Jahresbericht,  xix.  468  (ref.),  1890. 

75  Franlel,  Charitd-Annalen,  xiii.  147, 1888.— ievi/,  Archiv  f.  experiment.  Pathol. 
Ti.  Pharmakol.,  xxvii.  369,  1890 ;  xxix.  135,  1891 ;  he  cites  Levy,  and  gives  exhaus- 
tive references. 

76  Mihu,  Archiv  geh.  de  Med.,  i.  and  ii.,  1872  and  1875.— .4.  -Scwss,  Deutsches 
Archiv  f.  klin.  Med.,  I.e.,  {ti).— Hoffmann,  ibid.,  xliv.  313,  —Neuenkirchen, 
Petersburger  med.  Wochenschr.,  xiv.  13,  i2&9.— Citron,  Deutsches  Archiv  f.  klin. 
Med.,  xlvi.  129,  1890. 

77  Mya  and  Viglezio,  Rivista  clinica,  xxvii.  712,  iSSS.—Moritz,  Inaug.  Dissert., 
Leipzig,  1886.— ^'tc/i«?ier,  Deutsches  Archiv  f.  klin.  Med.,  xliv.  323,  1S89. 

78  Runeberg,  ibid.,  xxxiv.  i,  1884,  and  xxxv.  266, 1884.— -Saii/i-c,  Mittheilungen  aus 
der  med.  Klinik  zu  Wiirzburg,  ii.  189,  1886.— A  Rcuss,  see  (71). 

79  See  Hoffmann,  Neucnkirchen,  and  Citron  (76). 

8»  Bock,  Du  Bois-Reymond's  Archiv  fiir  Anat.  und  Physiol.,  Pt.  v.,  1S73.— 
0.  Rosenbach,  Breslauer  arztl.  Zeitung,  No.  5  (sep.  sheet),  iS82.—Eichhorst,  see 
(70).— 7.  Jaksch,  see  (•jo).— Ramon,  Centralbl.  f.  klin.  Med.,  xi.  339  (ref.),  1S91. 


CHAPTER  IX. — SECRETIONS  OF  GENITAL  ORGANS.  437 


See  Senator,  Virchow's  Archiv,  cxi.  219,  18S8. 

MoscatcUi,  Zeitscbr.  fiir  pliysiol.  Chemie,  xiii.  202,  iS8g. —  V.  Jalcsoh,  see  (70). 
/.  Munh,  Vircliow's  Archiv,  Ixiii.  255,  1875. 

Schatz,  Archiv  flir  Gyniikologie,  ix.  15,  i2,-j6.  —  G%meroio,  ibid.,  ix.  478,  1876. 
—  Wes/phalen,  ibid.,  viii.  72,  1875. 

^  Uammarsten,  Zeitscbr.  fiir  pbysiol.  Chemie,  vi.  194,  1882. 
Huppert,  Prager  med.  Wocbensclir.,  i.  321,  1876. 
V.  Jalsch,  Zeitscbr.  fiir  pbysiol.  Chemie,  xii.  116,  1887. 
^  P.  Wctffner,  Deutsche  Zeitscbr.  fiir  Cbirurgie,  xxiv.  505,  1886. 

Karetvshi,  Deutsche  med.  Wocbenscbr.,  xvi.  1035,  1069,  1S90  (full  references 
are  given). 

^  Hofmeister,  see  Oassenhaucr,  Prager  med.  Wochenschr.,  xvi.  365,  377,  1891. 

V.  Jaksch,  see  Woljler,  Zeitscbr.  f.  Heilkunde,  ix.  126,  1S88. 
^  Boas,  Deutsche  med.  Wocbenscbr.,  xvi.  1095,  1890. 
»5  Wiilflcr,  Zeitscbr.  f.  Heilkunde,  ix.  127,  1888. 

See  A.  V.  Rosthorn,  Wiener  klin.  Wocbenscbr.,  ii.  125,  1889. 


CHAPTER  IX. 

SECRETIONS  OP  GENITAL  OBGANS. 
^  Fiirbringer,  Zeitscbr.  f.  klin.  Med.,  iii.  310,  1881. 

'-  Eehrer,  Beitr.  z.  kUn.  u.  experiment.  Gyniikologie,  ii.  1879.    Giessen.  See 
also  razmftMii,  Wiener  Klinik,  p.  36,  1879. 
^  Fiirbringer,  see  (i). 
Posner,  see  Chap.  vii.  (200). 

Cerny,  Festschrift  f.  Henoch,  p.  194.   Berlin,  1890. 
Escherich,  Fortscbritte  der  Medicin,  iii.  231,  1885. 
Earlinski,  Wien.  med.  Wocbenscbr.,  xxxviii.  No.  28,  1888. 
8  Neelsen,  Cobn's  Beitrage  zur  Biologie  der  Pflanzen,  iii.  187,  1880. 
"  M.  Kohn  and  //.  Neumann,  Archiv  f.  patbol.  Anatomic,  cxxvL  391,  1891. 
See  also  a  forthcoming  contribution  from  V.  Jaksch's  clinic  by  Dr.  Ernest  Otl. 

1°  Neelsen,  see  (?,).— Hueppc,  Mittheil.  aus  dem  kai?erl.  Ges'undheitsamte,  ii. 
309,  1884. 

"  V.  Jaksch,  Prager  med.  Wocbenscbr.,  v.  83,  1880. 
1-  Rausmann,  Deutsche  med.  Wocbenscbr.,  i.  206,  1877. 
13  Winter,  Zeitscbr.  flir  Geburtskunde  und  Gyniikologie,  xiv.  443,  1888. 
"  Dddcrlein,  Archiv  fiir  Gyniikologie,  xxxi.  412,  iSS7.—Samschin,  Deutsche 
med,  Wocbenscbr.,  xxi.  332,  1890. 
Zioeifel,  ibid.,  xviii.  359,  1881. 
"  Cf.  F.  Winckel,  Lebrbuch  der  Geburtsbilfe,  p.  188.    Leipzig,  1889. 
"  Ddderlein,  Archiv  fiir  Gyniikologie,  xxxi.  412,  1887. 

18  Tlwmen,  Centralbl.  f.  d.  med.  Wissensch.,  xxviii.  537,  1890.  See  also 
Artemjev),  Prager  med.  Wocbenscbr.,  xiv.  574  (ref.),  1889.  '  ' 


BIBLIOGRAPHY. 


CHAPTER  X. 

BAOTKRIOLOGICAL  RESEARCH. 

^  The  following  list  includes  the  most  important  works  on  Bacteriology,  with 
special  reference  to  those  which  describe  the  methods  of  examination  and  the 
morphology  of  Bacteria.  We  direct  attention,  as  a  basis  of  study,  above  all,  to 
the  already-mentioned  works  of  Jl.  Koch  and  his  school. — CrooksJiank,  Chap.  iv. 
(4.o).—Flugge,  Chap.  i.  (140). — Cornil  and  Babes,  Les  Bacteries.  Paris,  1885.— C. 
Franhel,  Grundi-iss  der  Bacterieukunde.  Berlin,  1887.— J.  Johnc,  Ueber  die 
Koch'schen  Eeinculturen  und  die  Cholerabacillen.  Leipzig,  1885. — W.  Zopf,  Die 
Spaltpilze,  3rd  edit.  Berlin,  1885. — C.  Friedlaiider  and  Eherih,  Mikroskopische 
Technik,  4th  edit.,  1S90. — Siebenmann,  Die  Fadenpilze.  Wiesbaden,  1883. — A.  de 
Bary,  Vergieichende  Morphologic  und  Biologie  der  Pilze,  Leipzig,  1884 ;  and  A. 
de  Bary,  Vorlesungen  iiber  Bacterien,  Leipzig,  1885.— A".  Huber  and  A.  Beclcer, 
Die  pathologisch-histologischen  mid  bacteriologischen  Untersuchungsmethoden. 
Leipzig,  1886.  —  //.  Mittensweirj,  Die  Bacterien-Aetiologie  der  Infectionskrank- 
heiten.  Berlin,  1886. — Duclaux,  Le  Microbe  et  la  Maladie.  Paris,  1886. — 
Oottstein,  Die  Verwerthung  der  Bacteriologie  in  der  klinischen  Diagnostik. 
Berlin,  1887. — Baumgarten,  Lehrbuch  der  pathol.  Mykologie.  Brunswick,  1886 
to  1888. — Loffler,  Vorlesungen  iiber  die  geschichtliche  Entwicklung  der  Lehre 
von  den  Bacterien.  Leipzig,  1887. — Ilueppe,  Die  Methoden  der  Bacterienfor- 
schung,  Sth  edit.  Wiesbaden,  1891. — Giiniher,  Einfiihrung  in  das  Studium  der 
Bacteriologie,  2nd  edit.  Leipzig,  1891. — Axel  Hoist,  Uebersicht  iiber  die  Bak- 
teriologie  fiii'  Aerzte  nnd  Stndirende,  German  translation  by  Baykcr.  Basel, 
iSgi.—Eiscnberg,  Bakteriologische  Diagnostik.  Hamburg  and  Leipzig,  1891. — 
For  exhaustive  literary  notices  see  Fliigge,  Zopf,  and  de  Bary.  Woodhead  and 
Hare,  Pathological  Mycology,  1885. 

2  R,  Koch,  Untersuchungen  iiber  Wundinfectionskranklieiten.    Leipzig,  1878. 

^  Oiinther,  Deutsche  med.  Wochenschr.,  xiii.  471,  1887. 

■*  Unna,  Centralbl.  fiir  Bacterid,  und  Parasitenk.,  iii.  22,  61,  93,  120,  153,  189, 
218,  254,  285,  312,  345,  1888. 

^  Z'«/me,  Zeitschr.  fiir  Hygiene,  i.  552,  1886;  and  A'it/me,  Praktische  Anleitungen 
zum  mikroskopischen  Nacliweise  der  Bacterien.    Leipzig,  1888. 
^  Kilhne,  I.e.,  p.  28. 

Kilhne,  I.e.,  p.  34. 
^  Hueppe,  I.e.,  ist  edit.,  p.  59. 
For  other  methods  see  Eiscnberg,  Bakteriologische  Diagnostik,  App.,  p.  23. 
Loffler,  Centralbl.  f.  Bacteriologie  und  Parasitenkunde,  v,  209,  18S9 ;  vii.  625, 
1890. — Eisenberg,  I.e.,  p.  24. 

11  Unna,  Deutsche  med.  Wochenschr.,  xii.  742,  1886  ;  and  Monatshefte  fiir 
praktische  Dermatologie,  v.,  No.  9,  1886. 

1-  Pasteur,  Annal.  de  Chim.  et  Phys.,  Iviii.  (3),  388,  i860. 

C.  V.  Nagcli,  Untersuchung  iiber  niedere  Pilze.    Munich,  18S2. 
i"*  Buchner,  see  v.  Ndgeli,  I.e.,  p.  11. 

15  A.  Schultz,  Mayer's  Giihrungschemie,  p.  214. 

16  V.  Jalcsch,  Zeitschr.  fiir  physiol.  Ghemie,  v  398,  1881. 

1'  //.  Hueppe,  Mittheilungen  aus  dem  kaiserlichen  Gesnndheitsamte,  ii.  337, 
1884. 

18  Cf.  Meade-Polton,  Zeitschr.  fiir  Hj'giene,  i.  104,  1886. 
1"  Schottelius,  Centralbl.  f.  Bacteriol.  u.  Parasitenk.,  ii.  47,  1S88. 
Richter,  Berl.  klin.  Wochensclu-.,  xxiv.  600,  18S7. 


CHAPTER  X. — BACTERIOLOGICAL  RESEARCH,  439 


A.  Pfeiffer,  see  Eisenhery,  I.e. 
-J  Birch-Hirschfeld,  Archiv  fiir  Hygiene,  vi,  314,  i888. 

See  Neisser  and  Jaoobi,  Centralbl.  fiir  Bacteriol.  und  Parasitenk.,  iii.  506  and 
586,  18S8 ;  further  Noegerath,  Fortschritte  der  Med.,  vi.  i,  1888. 

Marpmann,  Centralbl.  fiir  allg.  Gesundheitspflege,  Supplement  ii.  Pt.  ii., 
18S6. — Cahcn,  Zeitschr.  fiir  Hj'giene,  ii.  386,  1SS7. 
-°  Klebs,  .Ajchiv  fiir  experiment.  PathoL  u.  Pharmak.,  i.  31,  1873. 
^  Brefeld,  Methode  zur  Untersuchung  der  Pilze,  med.-phys.  Gesellschaft. 
Wurzburg,  1874. 

E.  Esmarch,  Zeitsclu-.  fiir  Hygiene,  i.  293,  1S86. 
^  See  II.  Rohrbcck,  Chemisches  Centralbl.,  xvii.  (3),  705,  1886;  and  Deutsche 
med.  Wochenschi-.,  xiii.  1089,  1887. 

Jt.  Fiscld,  Fortschr.  der  Med.,  v.  663,  1887. 
^  Neisser,  see  (23). 

51  Buchner,  Centralbl.  f.  Bacteriol.  u.  Parasitenkunde,  iv.  149,  1888. 
5^  Nihiforoff,  Zeitschr.  f.  Hygiene,  viii.  489,  1890. 

^  Bluclier,  ibid.,  viii.  499,  1890. — Eesse,  Zeitschr.  f.  Hygiene,  xi.  237,  1891. 


INDEX. 


Abbe's  condenser,  372,  375 
Abbc-Zeiss,  counting  cell,  9 
Abscess,  pulmonary,  113,  121 

 pus  from,  348 

Absorption  bands,  60,  292,  293 
Absorption,  rate  of,  in  stomach,  142 
Accidental  albuminuria,  255 
Acetic  acid,  139,  201,  305 

 acid  in  fasces,  201 

 acid  in  gastric  juice,  139 

 acid  in  sputum,  113 

 acid  in  urine,  305 

 acid  reaction  in  gastric  juice,  127 

 acid  tests  for,  305 

 acid  and  ferrocyanide  of  potas- 
sium test  for  albumin,  256 
Acetonsemia,  77 

Acetone,  auto-intoxication  with,  303 

 in  blood,  77 

 estimation  of,  303 

 in  pus,  35S 

 in  urine,  303 

 tests  for,  303 

Acetonuria,  303 
Acetphenetidin,  345 
Acetylparaamidophenol,  345 
Acholic  stools,  210 
Acid,  acetic,  113,  139,  201,  305 

 n-crotonic,  337 

 asther-sulphuric,  297 

 albumin,  2t;6 

  6-oxybutyric,  75 

 benzoic,  275 

 butyric,  129,  201 

 capric,  202 

 caproic,  113,  202 

 carbolic,  tests  for,  161 

 carbolic,  estimation  of,  299 

 chrysophanic,  345 

 diacetic,  305 

 diazobenzol-sulphonic,  328 

 formic,  201,  305 

 hippuric,  243 

 homogentisic,  300 

 hydrochloric,  139 

 hydrocyanic,  162 

 hydroparacumaric,  300 

 hyposulphurous,  327 

 indoxyl-.sulphuric,  297 

 isobutj-ric,  202 
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Acid,  lactic,  75,  139,  337 

 metaphosphoric,  257 

 metatungstic,  160 

 nitric,  151  ■ 

 oleic,  202 

 oxalic,  151,  307 

 oxyamygdalic,  335 

 palmitic,  202 

 paraamido-phenol-sulphuric,  342 

 parakresol-Eether-sulphuric,  300 

 pai-oxy-phenyl-acetic,  300 

 paroxy -phenyl-propionic,  300 

 phenol-asther-sulphuric,  300 

 phosphates,  323 

 phosphomolybdic,  160 

 phosphotungstic,  160,  266 

 phosphoric,  324 

 picric,  258 

 pigments,  33 

 pimaric,  256 

■  pinic,  256 

 propionic,  202 

 salicylic,  275,  343 

 salicyl-sulphonic,  25S 

 sarcolactic,  75,  338 

 skatoxyl-sulphuric,  298 

 stearic,  202 

 succinic,  362 

 sulphanilic,  328 

 sulphuric,  150,  297,  323 

 uric,  70,  240 

 uroleucic,  300 

 valerianic,  202 

Acid-forming  fungi,  384 
Acidity  of  gastric  juice,  127;  action  on 
fungi,  389  ^ 

 of  urine,  217 

Acids  in  fteces,  20  r 

 organic,  in  blood,  74 

 organic,  in  fteces,  201 

 organic,  in  gasti-ic  juice,  139 

 organic,  in  sputum,  1 13 

 organic,  in  urine,  305,  337 

 poisoning  with,  150,  33S 

 volatile  fattj-,  74,  112,  139,  203, 

305.  358 
Actinomyces,  351 

 in  buccal  secretion,  86 

—  in  pus,  351 
 in  sputum,  109 
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Actinomyces  in  urine,  237 
Acute  bronchitis,  1 14 

 enteritis,  207 

 gastritis,  146 

 nepliritis,  329 

 yellow  atrophy,  335 

Addison's  disease,  urine  in,  291,  293 
^ther-sulphuric  acids,  297 

 tests  for,  299 

 estimation  of,  297 

-lEthylinimin,  366 

Agar-agar,  cultivations  in,  354 

 nutrient,  383 

Ague,  parasites  of,  49 

Albumin,  estimation  of,  in  urine,  259 

 in  cysts,  363 

 in  fasces,  199 

 in  gastric  juice,  144 

 in  pus,  358 

 in  sputum,  113 

 in  transudations,  361 

 in  urine,  252 

— —  tests  for,  255  ;  Filrhringcrs,  258  ; 

Binde-nlany  s,    257  ;    Heller's,    257  ; 

Seynsius',  257  ;  Johnson's,  25S 
Albuminate,  256 
Albuminimeter,  263 
Albuminous  putrefaction,  297 
Albuminuria,  251 

 accidental,  255 

 Bright  on,  252 

 ■  causation  of,  253 

  cyclical,  252 

 ■  experimental,  252 

 febrile,  254 

 hasmatogenic,  254 

 in  boys,  252 

 intermittent,  252,  255 

 of  anaemia,  254 

■  paroxysmal,  252 

 pathological,  253 

 physiological,  251 

 remittent,  252 

 renal,  253 

 Stewart  on,  251 

Albumose  in  semen,  367 
Albumosuria,  268 
Alcohol,  detection  of,  161 
Alcoholic  poisoning,  161,  341 
Alimentary  canal,  diseases  of,  fteces  in, 

207 

 canal,  diseases  of,  urine  in,  335 

 canal,  diseases  of,  vomit  in,  146 

Alkalies,  poisoning  with,  152,  338 
Alkaline  stools,  164 

 urine,  247 

Alkalinity  of  the  blood,  2,  4 
 of  the  blood,  changes  of,  in  dis- 
ease, 4 

— —  of  the  blood,  estimation  of,  2 
 of  the  h\ooA,Haycrnfl  and  William- 
son's test  for,  3 

 of  the  blood,  Kraus'  test  for,  S 

 of  the  blood,  Liehreich's  test  for,  2 


Alkalinity  of  the  blood,  Zuntz'  test  for,  2 

 of  the  urine,  216 

Alkaloids,  animal,  158,  261 

 poisoning  with,  156,  340 

 Slas-Otto  tests  for,  156 

Alkaptou,  301 
Alkaptonuria,  301 
AUantoin,  361 
Almdn's  fluid,  277 

 test,  271,  339 

Alt's  test  for  mercury,  339 
Alum-carmine,  89 
Alveolar  epithelium,  94 
Amido-acids,  311 

Ammonia,  urate  of,  in  sediment,  249 

 in  gastric  juice,  141 

 ■  in  vomit,  152 

Ammoniacal  fermentation,  217,  233 

 silver  solution,  30S 

Ammonisemia,  77 

Ammonia-salts,  in  gastric  juice,  141 

 estimation  of,  141 

 in  urine,  249 

 in  vomit,  152 

 poisoning  with,  152 

Ammonio  -  magnesic    phosphate,  see- 
Triple  phosphate 
AmcEba  coli,  180 
Amoebaj  in  urine,  237 
Amorphous  hsematoidin,  5i,  241 

 sediment  of  urine,  239 

Amphoteric  urine,  217 
Amyloid  concretions,  366 

 kidney,  331  _ 

AnsEmia,  albuminuria  in,  254 
 blood  in,  38 

 infantum  pseudoleukEemica,  33 

 pernicious,  blood  in,  38 

 secondary,  39 

 urine  in,  337 

a-naphthol,  280 
Anchylostoma  duodenale,  190 
Anchylostomiasis,  191 
Angina,  croupous,  88 

 diphtheritic,  88 

 follicularis,  89 

  Ludovici,  351 

Anguillula  intestinalis,  194 

 stercoralis,  194 

Aniline,  104,  162 

 brown,  40 

 dyes,  48,  37S 

 oil,  104 

 poisoning  with,  162,  342 

 poisoning,  urine  in,  342 

 tests  for,  162 

 tests  for  hydrochloric  acid,  129 

 water  gentian-violet,  104 

Animal  alkaloids,  158,  341 

 alkaloids,  tests  for,  159,  341 

 gum,  287 

 parasites  of  blood,  49 

Annelides,  188 
Anthelmintics,  190 
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Anthomyia  canicularis,  195 
Anthomyia!  in  fa3ces,  195 
Anthracosis  of  lung,  123 
Anthrax,  bacillus  of,  42,  354 

 bacillus  of,  detection  of,  42,  354 

 bacillus  of,  in  blood,  42 

 bacillus  of,  in  pus,  354 

Antifebrin  in  urine,  344 

 test  for,  345 

Antipyrin  in  urine,  215,  344 
Antisepsis  of  urine,  218 
Anuria,  212 

Apochromatic  lens,  377 
Areolar  tissue  in  stools,  167 

 tissue  in  vomit,  145 

Aromatic  oxy-acids,  300 
Arsenic,  detection  of,  154 

 poisoning  with,  154,  340 

Arterio-sclerosis,  341 
Arthritis,  71,  311 
Ascarides  in  fajces,  188 

 in  nose,  91 

 in  sputum,  no 

 in  urine,  238 

Ascaris  lumbricoides,  18S 

 mystax,  1S9 

Ascites,  chylous,  360 

Asiatic  cholera,  bacillus  of,  173 

 faeces  in,  209 

Aspergillus  fumigatus,  102 
Asphyxia,  63 
Asthma,  1 1 5 

 bronchial,  98 

Atrophic  cirrhosis,  urine  in,  335 
Atrophy,  gastric,  147 
Atropin,  detection  of,  157 

 in  urine,  341 

 poisoning  with,  157,  341 

Aurantia,  32 

Auto-intoxication  with  acetone,  303 

 with  diacetic  acid,  305 

 with  sulphuretted  hydrogen,  327 

Automatic  pipette,  3 
Autotoxicosis,  319 
Azoospermia,  366 
Azotoria,  311 

Bacilli  in  blood,  39 

 in  buccal  secretion,  80 

 in  exudations,  348 

 in  fajces,  170 

 in  gastric  juice  and  vomit,  145 

 in  milk,  368 

 in  nasal  secretion,  91 

 in  sputum,  103 

 in  urine,  233 

 in  vagina,  369 

Bacilluria,  see  Bacteriuria 
Bacillus,  crassus  sputigenus,  81 

 cyanogenus,  369 

 Lustgarten'8,  349 

 of  anthrax,  42,  354 

 of  Asiatic  cholera,  173 

 of  cholera  infantum,  165 


Bacillus  of  cholera  nostr.as,  177 

 of  decaying  teeth,  81 

 of  diphtheria,  88 

 of  Finklcr  and  Prior,  177 

 of  glanders,  46,  353 

 of  hay,  179 

 of  hen-cholera,  378 

 of  hydrophobia,  48 

 of  influenza,  356 

 of  lactic-acid,  206 

 of  leprosy,  355 

 of  septicasmia  of  the  mouse,  171, 

356 

  of  smegma,  349 

 of  syphilis,  349 

 of  tetanus,  48,  355 

 of  tubercle,  45,  103,  179,  349 

 of  typhoid,  46,  Si,  177 

 of  whooping-cough,  109 

 pyocyanogenus,  349 

 salivarius  septicus,  Si 

  septicus  sputigenus,  81 

 subtilis,  171 

Bacteria,  see  Fission-fungi 
Bacterial  colonies  or  casts,  227 

 decomposition  of  urine,  234 

Bacteriological  methods,  371 
Bacteriology,  372 
Bacterium  termo,  171 
Bacteriuria,  idiopathic,  235 
Balantidium  coli,  171,  182 
Bamherger's  hsematogenic  albuminuria,. 

Barium  salts,  134 

Basic  aniline  dyes,  40,  378 

 phosphate  of  magnesia,  242 

 phosphatic  earths,  249 

Basidiomycetes,  352 

Basophil  granules,  33 

Baumann  and  Udransky's  method,  160 

Bence  Jones  on  alkaline  urine,  217 

Benzoic  acid  in  urine,  273 

 Eethers,  280 

Benzo-purpurin,  131 

 test  for  HCl,  131 

 test-papers,  132 

Benzoyl-chloride  test  for  sugar,  74,  76, 
280 

 for  diamines,  31S 

 for  carbo-hydrates,  280 

Beri-beri,  192 
Berlin-blue  reaction,  302 
Betain,  315 
Betol,  343 

Bettelheim's  granules,  36 
Bidder  and  Schmidt's  method  for  esti- 
mating HCl,  133 
Biedert's  boiling  method,  107 
Bilberries,amylic  alcohol  extract  of,  132 
Bile  acids  in  blood,  75 

 acids  in  fseces,  200 

 acids  in  pus,  35S 

 acids  in  urine,  287 

 acids,  tests  for,  75,  28S 
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Bile  pigment  in  blood,  76 

■  pigment  in  cysts,  363 

 pigment  in  fteces,  164,  204 

 in  pus,  358 

 in  semen,  367 

 pigment  in  urine,  288 

 pigment,  tests  for,  288 

Bilifuscin,  28S 
Biliprasin,  288 

Bilirubin,  62,  76,  118,  241,  288,  363,  367 

 formula  of,  62 

Biliverdin  in  blood,  77 

 in  fteces,  165 

 in  meconium,  206 

 in  sputum,  118 

 in  urine,  288 

 in  vomit,  150 

Biology  of  micro-organisms,  390 

Bismarck-brown,  105 

Biuret,  69 

Biuret-test,  69,  257 

Bizzozero's  chromo-cytometer,  14 

Bladder,  calculus  of,  333 

Bladder,  catarrh  of,  332 

 epithelium  of,  221 

 foreign  bodies  in,  250 

 tumours  of,  233,  333 

Blennorrhcsa,  220 
Blood,  the,  i 

 acetone  in,  77 

 alkalinity  of,  2,  5 

 animal  parasites  of,  49 

 bile  substances  in,  75 

 cellulose  in,  74 

 chemical  changes  in,  59 

 colour  of,  I 

 colouring  matter  of,  59 

 crystals  in,  30 

 estimation  of  sugar  in,  72 

 fatty  acids  in,  74 

 fibrin  of,  67 

 formed  elements  of,  6 

 fungi  of,  39 

 glycogen  in,  74 

 heemoglobin  of,  320 

 in  antemia,  38 

 in  carcinoma,  70 

 in  chlorosis,  37 

 in  dyspnoea,  63 

 in  faeces,  168,  208 

 in  fever,  78 

 in  melan^mia,  35 

 in  poisoning,  63 

 in  pus,  348 

 in  sputum,  122 

 in  urine,  219 

 in  vomit,  148 

 lactic  acid  in,  74 

 organic  acids  of,  74 

 parasites  of,  39 

 peptone  of,  67 

 proteids  of,  67 

 protozoa  in,  49 

 reaction  of,  2 


Blood,  sarcolactic  acid  in,  74 

 specific  gravity  of,  5 

 urea  in,  68 

 uric  acid  in,  70 

Blood-colouring  matter,  relation  of,  to 

bile-pigment,  61 
Blood-cells,  sec  Blood-corpuscles  and 

Leucocytes 
Blood-corpuscles,   red,   apparatus  for 

counting,  8 

 changes  in,  6 

■  ■  counting  of,  9 

 in  buccal  secretion,  79 

 in  cysts,  362 

 in  fseces,  168 

 in  pus,  348 

 in  sputum,  94,  122 

 in  transudations.  361 

 in  urine,  219,  270 

 tests  for,  271 

Blood-pigment,  59 

 detection  of  changes  in,  60 

 in  fasces,  168,  205 

 in  gastric  juice,  148 

Blood-platelets,  6 
Blood-serum,  lutein  in,  59 

 spectrum  of,  59 

 sterihsed,  380 

Blue  milk,  369 
Bodo  urinarius,  237 
Bothriocephalus  cordatus,  186 

 latus,  186 

 liguloides,  186 

Bbttger's  test,  277 
j3-oxy-butyric  acid,  75,  336 

 tests  for,  337 

Brandberg' s  method,  260 
Braun's  method  for  estimation  of  HCl, 
136 

Bread  in  the  nutrition  of  fungi,  383 
Briegei-'s  method    for   separation  of 

ptomaines,  158 
Bright  on  albuminuria,  252 
Brilliant-green  tests  for  HCl,  130 
Bromide  of  potassium,  detection  of,  in 

urine,  243 
 of  potassium,   detection  of,  in 

saliva,  83 
Bromine  salts  in  urine,  343 
Bronchial  asthma,  98 

  catarrh,  114 

Bronchiectasis,  115 

 sputum  of,  112 

Bronchitis,  acute,  114 

 chronic,  115 

 plastic,  115 

 putrid,  115 

Broth,  nutrient,  383 

Browning's  spectroscope,  59,  66 

Buccal  secretion,  79 

 secretion,   chemical  constitution 

of,  81 

 secretion,  ferment  of.  So 

 secretion,  fungi  of,  80,  85 
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Buccal  secretion  in  disease,  82 

 secretion,  nitrites  of,  82 

 secretion,  physical  characters  of, 

79 

 secretion,  sulphocyanide  of,  83 

 urea  in,  S3 

Bujwid's  staining  process,  1 76 

Bunsens  tables,  314 

Butyric  acid,  detection  of,  201 

 acid  in  f feces,  201 

— -  acid  in  gastric  juice,  129 

 acid  in  sputum,  1 13 

 acid  in  urine,  305.    See  also  Fatty 

acids 

Cadaveein,  160,  318 

Calcium  carbonate,  crystals  of,  197 

 phosphate  in  freces,  197 

 phosphate,  crystals  of,  197,  242 

 sulphate,  crystals  of,  197,  247 

 sulphate  in  fa3ces,  197 

 sulphate  in  urine,  242,  247 

Calculus,  333 

Calliphora  erythrocephala,  195 
Calomel,  212 
Canada  balsam,  105 
Cancer,  blood  in,  74 

 of  alimentary  canal,  215 

 of  stoinach,  14S 

 urine  of,  215 

Capric  acid,  202 

Caproic  acid  in  fajces,  202 

 acid  in  sputum,  113 

Carbohydrates  in  blood,  72 
Carbol-fuchsin,  106 

 gelatine,  179 

Carbolic  acid,  estimation  of,  299 

 acid  in  faeces,  202 

 acid  in  urine,  299,  341 

 acid  in  vomit,  161 

 acid  poisoning,  161,  341 

 acid,  tests  for,  161,  342 

 acid  in  faeces,  200 

 aoid  in  gastric  juice,  142 

 acid,  tests  for,  200 

Carbolo-chloride  of  iron  test  for  lactic 

acid,  139 
Carbonate  of  lime  in  faeces,  197 

 of  lime  in  sputum,  113 

 of  lime  in  urine,  253,  326 

 of  magnesia  in  sputum,  1 13 

Carbonates  of  the  alkaline  earths,  250 

 in  sputum,  1 13 

 of  urine,  326 

 test  for,  326 

Carbonic  oxide,  detection  of,  63 

 oxide  haemoglobin,  63 

 oxide  hsemoglobin,  spectrum  of, 

63 

—- oxide  poisoning,  63,  273,  342 
oarburetted  hydrogen  in  fajces,  205 
Caries  of  teeth,  81 
Casein  in  faeces,  168 
■  in  milk,  368 


Casts,  cellular,  225 

 chemistry  of,  232 

 classification  of,  224 

  "detritus,"  224 

 examination  of,  232 

 fatty,  229 

 granular,  227 

 hyaline,  230 

 metamorphosed,  224 

 of  micrococci,  226 

 organised,  224 

 staining  of,  232 

 unorganised,  224 

 urinary,-  224 

 waxy,  228 

Cat,  round  worm  of,  189 
Catarrh,  bronchial,  114 

 gastric,  146 

 nasal,  91 

 vesical,  332 

Catarrhal  urethritis,  334 

Caustic   potash,  poisoning   with,  see 

Poisoning  with  alkalies 
 soda,  poisoning  with,  see  Poisoning 

with  alkalies 
Cellulose  in  blood,  74 
Cercomonads  in  faeces,  181 

 in  pus,  357 

 in  sputum,  log 

 in  urine,  237 

Cercomonas  intestinalis,  181 
Cerebral  hEemorrhage,  urine  in,  291 
Cerebro-spinal  fluid,  91 

 meningitis,  273 

Certonem-a  stabulans,  195 
Cestodes,  1S2 

Charcot-Leyden  crystals,  30,  99  no 
195 

Cheese-maggot,  195 

 spirillum  of,  177 

Chemical  examination  of  blood,  59 

 examination  of  buccal  secretion 

Si 

 examination  of  cystic  fluids,  363 

 examination  of  fasces,  198 

 examination  of  gastric  juice,  143 

 examination  of  milk,  369 

 examination  of  pus,  358 

 examination  of  semen,  367 

 examination  of  sputum,  1 13 

 examination  of  transudations,  361 

 examination  of  in-ine,  255 

— —  examination  of  vomit,  1 50 
Chinanisol,  344 
Chloral  in  urine,  273 
Chlorate  of  potash  in  blood,  65 

 of  potasli,  poisoning  with,  65,  152 

 of  potash,  spectrum  of,  65 

Chloride  of  ammonium  in  urine,  320 

 of  barium,  134 

 of  gold  test,  160 

  of  magnesium  in  sputum,  114 

 of  magnesium  in  urine,  320 

 of  platinum  test,  160 
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Chloride  of  potassium  in  urine,  320 

 of  sodium  in  blood,  78 

 of  sodium  in  fajces,  204 

 of  sodium  in  urine,  320 

 of  zinc  solution,  316 

Chlorides,  estimation  of,  320 

 in  fiEces,  204 

 in  sj)utum,  114 

 in  urine,  320 

 tests  for,  320 

Chloroform,  poisoning  with,  161,  341 

 tests  for,  161 

Chlorophyll,  167 

Chlorosis,  blood  changes  in,  37 

 urine  in,  217 

Choluemia,  75 
Cholecyanin  test,  289 
Cholegiobin,  62 
Cholera,  Asiatic,  209 

 Asiatic,  bacillus  of,  173 

 infantum,  bacillus  of,  165 

 nostras,  bacillus  of,  177 

 red,  176 

Cholesterin  crystals,  detection  of,  in 

 crystals  in  faces,  203 

 •  ci^stals  in  pus,  357 

 crystals  in  sputum,  in 

 crystals  in  urine,  249 

 tests  for,  203 

Chololithiasis,  166 
Choluria,  287 
Chromocytometer,  14 
Chromogens  of  urine,  214 
Chromogens  of  urobilin,  214 
Chromometer,  14 
Chronic  bronchitis,  115 

 enteritis,  207 

 gastritis,  146 

 inflammation  (non-tubercular)  of 

lung,  117 

 nephritis,  330 

Chrysophanic  acid,  345 
Chyliform  exudation,  360 
Chyluria,  306 

Ciliated  epithelium  in  cysts,  363 

 epithelium  in  sputum,  93 

Cladothrix,  352 

Claret,  colouring  matter  of,  132 
Claude  Bernard's  method,  73 
Clostridium  butyricum,  171 
Coagulated  albumin,  168 
Coating  of  the  tongue,  87 
Coccidia  in  pus,  357 
€occidium  perforans,  181 

 oviforme,  89 

Coccus  salivarius  septicus,  81 
Gochin-China  diarrhoea,  194 
Coffin-lid  crystals,  see  Triple  phosphate 
•  CoUoid  cysts,  362 
Colour  of  blood,  i 

 of  exudations,  347 

 of  fseces,  164 

 of  sputum,  93 

 of  transudations,  361 


Colour  of  urine,  214 

 scale  for  urine,  214 

 tests  for  albumin,  257 

Colouring  matter  of  bile,  61,  204 

 matter  of  blood,  61 

 matter  of  fajces,  164 

 matter  of  urine,  214 

Colostrum,  368 
Comma-bacillus,  173 
Compensation  eye-piece,  373 
Compound  sulphuric  acids,  297 
Concretions  of  fceces,  166 

 of  nasal  secretion,  91 

 of  urine,  247,  250 

Condenser,  Abbe's,  372 

Congo-red  test  for  HCl,  131 

■  staining  micro  -  organisms  with, 

384 

Connective  tissue  in  sputum,  100 

 tissue  in  stools,  167 

 tissue  in  vomit,  145 

Contracted  kidney,  331 

Copaiba  balsam,  346 

Copper,  poisoning  with  salts  of,  154, 

339 

Cornil's  marrow  cells,  32 

Corpora  amylacea  in  sputum,  101 

Correction  collars,  373 

Cover-glasses,  preparation  of,  40, 105 

Croton  oil,  348 

Croup,  gastric,  150 

Crystals,  calcium  carbonate,  197 

•  calcium  phosphate,  197,  242 

 calcium  sulphate,  197 

 Charcot-Leyden,  30,  99,  no,  19S 

 cholesterin,  in,  195,  249,  357 

 cystin,  243 

 fatty.  III,  196,  357 

 hippuric  acid,  243 

 hsemin,  61 

 hsematoidin,  6r,  no,  195,  241,  357 

 hEemoglobin,  38 

 in  blood,  38 

 indigo,  248 

 in  blood,  30 

 in  faeces,  195 

 in  pus,  357 

 in  sputum,  no 

 in  urine,  240 

 leucin  and  tyrosin,  112,  244 

 magnesium  phosphate,  242,  249 

 margarine,  112 

 oxalate  of  lime,  113,  i97 

 phenyl-glucosazon,  276 

 Eoussin's,  157 

 spermatic,  367 

 sulphide  of  bismuth,  198 

 Teiclimann's,  63 

 triple  phosphate,  113,  I97.  242. 

247>  358 

 tyrosin,  112,  244 

 urate  of  ammonia,  249 

 uric  acid,  240 

 xanthin,  244 
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■Crystalline  sediment  of  urine,  239 
CultivatioD,  cylinder-,  387 

 by  exclusion  of  air,  3S8 

 drop-,  388 

in  depth  of  nutrient  substances, 


387 


on  glass  slides,  38S 
on  surface  of  nutrient  substances. 


386 


 plate-,  3S5 

Cursclimann' s  spirals,  98 

 spirals,  Troup  on,  98 

Cupric  oxide,  reduction  of,  274 
Cutaneous  inoculation,  3S9 
Cyanotic  induration  of  kidneys,  228 
Cylinder-cultivations,  387 
Cylindroids,  232 
Cystic  kidney,  363 
Cystin,  243 
Cystinuria,  308 
Cystitis,  332 
Cysts,  colloid,  362 

 contents  of,  361 

 dermoid,  362 

 hydatid,  362 

 of  broad  ligament,  363 

 ovarian,  362 

Cytometer,  13 

Dahlia,  acid  solution  of,  33 
Dammar  varnish,  41 
D'Arsonval's  incubator,  3S7 
DeneJce's  spirillum,  177 
Deposit  on  teeth,  86 
Dermatitis,  urine  in,  269 
Dermoid  cysts,  362 
"Detritus"  casts,  244 
Detritus  in  freces,  169 
Deutero-albumose,  268 
Dextrin  in  faces,  200 

 in  mrine,  287 

Dextrose,  see  Grape-sugar 
Diabetes,  blood  in,  74 

 insipidus,  337 

— ; —  mellitus,  336 
Diabetic  acetonuria,  303 
Diacetic  acid,  tests  for,  30; 
Diaceturia,  304 
Diamines  in  sputum,  115 

 in  urine,  318 

 tests  for,  318 

Diaphragms,  372 
Diastase,  205 

 in  urine,  320 

Diastatic  ferment  of  cvsts,  363,  -t6d 

 ferment  of  faces,'  205 

 ferment  of  saliva,  82 

•  ferment  of  urine,  320 

Diathesis,  uric  acid,  308 
Diazobenzol,  160 
Diazobenzol-sulphonic  acid,  328 
Diazo  reaction,  Ehrlich's,  328 
Dickinson  on  coating  of  tongue,  87 
Differentiation  of  proteids  in  urine,  259 


Digestion,  stages  of,  140 
Digitalis,  212 

Dilatation  of  stomach,  149 
Dioxyquinin,  344 
Diphtheria,  bacillus  of,  88 

 gastric,  150 

Diplococci  in  ozajna,  91 

 in  jmeumonia,  120 

 in  pus,  348 

Dipteral  larvas,  91,  195 
Disseminated  sarcoma,  265 
Distoma  eggs  in  blood,  58 

 eggs  in  urine,  237 

 ha3matobium,  57 

 liEematobium  in  blood,  57 

 hasmatobium  in  sputum,  no 

 htematobium  in  urine,  237 

 hepaticum,  187 

 lanceolatum,  187 

 Kathonisi,  188 

Dochmius  duodenalis,  190 

Double  sulphate  of  iron  and  ammonia 

solution,  321 
Dragendorfs  test  for  bile-pigment  280 
Drcschf eld's  test  for  HCl,  133 
Drop-cultivations,  388 

 of  cholera-bacillus,  175 

Drosophila  melanogastra,  195 
Drugs,  effect  of,  on  the  stools,  164 
Dry  measurement,  38 
Duodenal  ulcer,  148 
Dysentery,  208 
Dyspepsia,  acid  in,  127 

 urine  in,  335 

Dyspnoea,  blood  changes  in,  63 

Earthy  phosphates,  323 
Echinococcus  in  sputum,  109 

 in  urine,  238 

 cysts  in  fasces,  187 

 cysts  in  sputum,  109 

 cysts  in  urine,  238 

 booklets  from  cysts,  362 

 booklets  in  faces,  187 

 booklets  in  gastric  juice,  150 

 booklets  in  urine,  238 

MrZic/t's  granules,  31 

 staining  method,  41 

 test  for  bilirubin,  290 

-— —  test  for  typhoid  urine,  32S 
Ehrlwk-Weirjert  tLuid,  41,  105 
Eggs  of  helmintha3  in  blood,  58 

 of  helmintha  in  fajces,  192 

 of  helminthaj  in  sputum,  120 

 of  helminthiB  in  urine,  237 

Elastic  fibres  in  faces,  163 
——^fibres  in  gastric  juice  and  vomit, 

 fibres  in  sputum,  94 

Embolic  lipajmia,  75 

 nephritis,  227 

Emerald-green  test  for  HCJ,  1 30 
Emulsifying  ferment,  144 
Emphysema,  urine  in,  215  »-  ■ 


448 


PDEX. 


Endocarditis,  47,  236 
Enteritis,  acute,  207 

 chronic,  207 

 membranacea,  165 

 mucosa,  165 

Entero-colitis,  monadines  in,  180 
Enterogenic  peptonuria,  205 
Entozoa  in  nose,  91 
Eosin,  31 

Eosinophil  granules,  31 
Epileptic  urine,  casts  in,  231 

 urine,  spermatozoa  in,  233 

Epithelium,  alveolar,  95 

 ciliated,  95 

 in  buccal  secretion,  79 

 in  exudations,  34S 

 in  fasces,  169 

 in  gastric  juice,  124 

 in  nasal  secretion,  91 

 in  sputum,  95 

 in  transudations,  361 

 in  urine,  221 

 in  vaginal  secretion,  369 

 obsolete  in  fseces,  169 

 of  male  urethra,  222 

 renal,  223 

 vesica],  22 

Eristalis  arbustorum,  195 
Erysipelas,  streptococcus  of,  47,  235 
Erjiihro-dextrin,  test  for,  142 
EsbacKs  albuminimeter,  263 
Esmarch's  cylinder-cultivations,  386 
Eustrongylus  gigas,  238 
Ewald's  test  for  HCl,  129 

Exogenic  toxicosis,  319 

Experimental  albuminuria,  252 

Exsiccator,  40 

Exudations,  347 

 chylous,  349 

 ■  hsemorrhagic,  348 

 purulent,  347 

 putrid,  359 

 sero-puralent,  359 

 serous,  347 

 see  also  Pus 

Eye-piece,  374 

 periscopic,  375 

F-ECES,  the,  164 

 albumen  in,  198 

 blood  in,  168,  209 

 chemistry  of,  198 

 colour  of,  164 

 colouring  matters  of,  204 

 crystals  of,  195 

 detritus  of,  169 

 fats  in,  167 

 ferments  in,  205 

 foreign  bodies  in,  167 

 formed  elements  of,  168 

 fungi  of,  170 

 hydatids  in,  186 

,  in  diseases  of  the  alimentary  canal, 

207 


Fajces,  insects  in,  195 

 microscopical  characters  of,  i66- 

 mucin  in,  166,  198 

 naked-eye,  characters  of,  164 

 non -pathogenic  fungi  of,  169 

 parasites  of,  169 

 pathogenic  fungi  of,  173 

 proteids  of,  168,  198 

— —  ptomaines  in,  205 

 quantity  of,  164 

 reaction  of,  164 

 ■  worms  in,  182 

Fat  crystals,  112,  196 

 crystals  in  faces,  196 

 crystals  in  pus,  357 

 crystals  in  sputum,  1 1 2 

 crystals  in  vaginal  secretion,  369- 

 crystals  in  urine,  249 

 ■  crystals  in  vomit,  145 

 crystals,  separation  of,  112 

Fat  in  blood,  75 

 in  fseces,  196,  203 

 in  sputum,  112 

 in  urine,  247 

Fatty  acids  in  pus,  358 

 acids  in  urine,  305 

 acids,  non-volatile,  of  fseces,  203. 

 acids  of  sputum,  113 

 acids,  tests  for,  305 

 acids,  volatile,  of  blood,  74 

 acids,  volatile,  of  fasces,  200 

 casts,  229 

 needles,  see  Fat  crystals 

Favus  of  stomach,  1 50 
Febrile  acetoniu:ia,  303 

 albuminuria,  254 

 states,  urine  of,  328 

 urobilin,  290 

Fehling's  fluid,  281 

 titration  method,  2S0 

Ferment,  diastatic,  82,  144 

 emulsifying,  144 

 of  fsEces,  205 

 inverting,  144 

 milk-curdling,  126 

 of  saliva,  82 

 of  sputum,  114 

 of  urine,  319 

Fermentation  test  for  sugar,  275 
Ferments  of  faeces,  205 

 of  gastric  juice,  126 

 of  urine,  319 

 pancreatic,  144 

Ferric  salts  in  sputum,  114 

Ferrocyanide  solution,  325 

Fibres,  elastic,  in  fseces,  167 

 elastic,  in  gastric  juice  and  vomit,. 

'45  ... 

 elastic,  m  sputum,  97 

Fibrin,  estimation  of,  in  blood,  68 

 estimation  of,  in  exudations,  358^ 

 estimation  of,  in  urine,  270 

 of  blood,  68 

Fibrinous  coagula  in  sputum,  100 
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Fibrinous  coagula  in  urine,  270 
Fibrinuria,  270 
Filaria  inermis,  357 

 sanguinis  hominis,  58,  238 

FilariiB  iu  blood,  58 

 in  pus,  356 

 in  urine,  23S 

Finkler- Prior  bacillus,  177 
Fission-fungi  of  blood,  39 

 of  fajces,  170 

 of  sputum,  loi 

 of  urine,  233 

 of  vaginal  secretion,  369 

 of  vomit,  146 

FlstuliE,  secretions  from,  365 
Flagella,  staining  of,  379 
Fluke,  57 

Foreign  bodies  in  fasces,  25 1 

 bodies  in  sputum,  95  - 

 bodies  in  urine,  251 

Formic  acid,  detection  of,  201 

 acid  in  blood,  74 

 acid  in  fceces,  201 

 acid  in  gastric  juice,  132 

 acid  iu  urine,  305 

 acid  reaction  in  gastric  juice,  132 

FrdnkcVs  pneiunonia-coccus,  107 
Prescnius  and  Babo's  test  for  lead,  152 
Priedlaiidcr's  method  for  staining  fungi, 
107 

 pneumonia-coccus,  108 

Prohde's  reagent,  157 
Fruit-sugar,  287 

Fuchsin  for  staining  micro-organisms, 
40 

 test  for  HCl,  130 

Fungi,  in  oziena,  92 

 of  blood,  39 

 of  buccal  secretion.  So 

 of  fajces,  170 

 of  nasal  secretion,  91 

 of  pus,  3  48 

 of  serous  exudation,  360 

 of  sputum,  loi 

 of  urine,  233 

 of  vaginal  secretion,  369 

 of  vomit,  146 

 spores  of,  45,  354,  379.    See  also 

Micro  -  organism  s 
Fungoid  plugs,  103 
Piiririnrjer's  test,  25S 
Furfurol,  74,  76,  200,  280 

 test  for  bile  acids,  200,  288 

 test  for  carbohydrates,  74,  280 

 test  for  urea,  69 

Fusiform  degeneration,  169 

Gabbett's  staining  method,  107 
Gangrene  of  lung,  121 
Gangrenous  stools,  209 
Gases  in  blood,  63 

 intestinal,  205 

 of  urine,  328 

Gastric  croup,  150 


Gastric  diphtheria,  1 50 
Gastric  juice,  acetic  acid  in,  139 

 juice,  acidity  of,  127 

 juice,  acids  of,  127 

■  juice,  ammonia  salts  in,  141 

 juice  and  vomit,  124 

 juice,  butyric  acid  in,  139 

 juice,  carbohydrates  in,  142 

 juice,  chemical  examination  of, 

143 

 juice,  chemistry  of,  125 

 juice,  excessive  secretion  of,  127 

 juice,  formed  elements  of,  124 

 juice,  hyperacidity  of,  127 

 juice,  lactic  acid  in,  139 

 juice,  method  of  obtaining,  124 

 juice,  milk-curdling  ferment  of, 

126 

  juice,  naked-eye  characters  of, 

124 

 juice,  organic  acids  of,  139 

 juice,  pepsin  of,  126 

 juice,  proteids  of,  140 

 juice,  urea  in,  141 

 juice,  zymogen  of,  127 

Gastric  sound,  124 

 ulcer,  147 

Gastritis,  acute,  146 

•  atrophic,  147 

 chronic,  146 

Gelatine,  nutrient,  383 

Genital  organs,  secretions  of,  366 

Gentian-violet,  104 

 aniline-vrater  solution,  105 

Giacomi'n  method  for  staining  micro- 
organisms, 350 
Giant-corpuscles,  348 
Gibbcs'  staining  method,  107 
Glanders,  bacillus  of,  46 

 bacillus  of,  in  blood,  46 

 bacillus  of,  in  pus,  353 

 bacillus  of,  in  urine,  236 

Globulin  in  pus,  35S 

 in  semen,  367 

 in  urine,  270 

 test  for,  270 

Globulinuria,  270 
Glycerine  in  urine,  274 
Glycogen  in  blood,  74 

 in  exudations,  367 

 in  sputum,  114 

 in  pus,  358 

Glycogenic  reaction,  221 
Glycosuria,  273 

 pathological,  273 

 persistent,  273 

 physiological,  273 

 transitory,  273 

Glycuronic  acid  phenomenon,  344 
Gmclin's  test,  2S9 
Goblet-cells  in  fasces,  169 
Gonococci,  334 
Gonorrhoeal  urethritis,  334 
Gout,  blood  in,  70 

2  F 
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Gout,  urine  in,  311 
Ooivcrs'  hiumacytometer,  13 
Grdbcr's  solution,  S 

Gram  and  Griiber's  theory  of  micro- 

cytes,  35 
Gram's  staining  method,  41 
Granular  casts,  227 

Granules  in  coloui-less  blood-corpuscles, 
31 

Grape-sugar,  tests  for,  see  Sugar 
Grass-green  sputum,  118 
Green  stools,  164 
Guanidin  carbonate,  202 
Guanimin  of  isobutyric  acid,  202 
Guanin  in  pus,  358 
Giinther's  staining  method,  45 
Grunzburg' s  leagent,  131 

HEMACYTOMETER,  1 3 

Hsemamoeba  malariaj,  49 
Haematemesis,  148 
Hasmatin,  formula  of,  62 

 in  vomit,  148 

 reduced,  60 

 spectrum  of,  60 

Hsematogenic  albuminuria,  254 

 jaundice,  288 

 peptonuria,  265 

Hsematoidin,  amorphous,  61,  241 

 crystals,  61,  no,  195,  241,  357 

Hsematomonas  malariae  stellata,  5 1 
Hiematophyllum  malarite,  49 
Hsemato-porphyrin,  61,  293 
Hsemato-porphyrinuria,  293 
Hsematoscope,  21 
Hsematospectroscope,  23 
Hsematoxylin  solution,  232 
HEematozoa,  49 
Hasmaturia,  270 

 intermittent,  220 

Hsemin-crystals,  61.    See  Teichmann' s 

crystals 
Hasmoglobin,  amount  of,  20 

 changes  in,  i 

 proteid  of,  60 

 reduced,  60 

 rhombic  crystals  of,  38 

 spectrum  of,  60 

HsemoglobinEemia,  65 
Hsemoglobinuria,  65,  271 

 paroxysmal,  271 

Haemometer,  19 
Haemoptysis,  122 
Hemorrhagic  exudation,  359 

 infarction  of  lung,  123 

 sputum,  122 

 stools,  209 

Hairs  in  urine,  251 

Halliburton's  test  for  globulin,  270 

Hay-bacillus,  179 

Bay  craft's  method  of  estimating  urea,  69 
Haycraft  and  Williamson's  test  for  alka- 
linity of  blood,  3 
Hayem's  solution,  6 


Heat-apoplexy,  209 
Hedge-hog  crystals,  249 
Hedin's  hajmatocrite,  25 
Heller's  tost,  257,  27 1 
Helminthiasis,  182 
Hemialbumose,  269 
Hen-cholera,  bacillus  of,  378 
lUiiocque's  double  spectroscope,  23 

 formula,  24 

 hffimatoscope,  21 

 hffimato-spectroscope,  23 

Hepatic  diseases,  fecces  in,  210 

 diseases,  urine  in,  335 

Hepatogenic  jaundice,  283 
Hcrinrj's  lensless  spectroscope,  66 
Hexahydro-hsematoporphyrin,  61 
Heynsius'  test,  257 
Hindcnlany's  test,  257 
Hippuric  acid,  243 

Hoffmann's  method  for  estimating  HCl, 
136 

Hofmeistcr  s  test  for  peptone,  266 
Homogeneous  immersion  lens,  373 
Homogentisic  acid,  300 
Homolomyia,  195 
Hufner's  apparatus,  312 
Hunter  on  pernicious  ansemia,  290 
Huppert's  test  for  bile-pigments,  76, 
289 

Hyaline  casts,  230 
Hydatid  cysts,  362 
Hydatids  in  faeces,  186 

 in  sputum,  109 

 in  urine,  238 

Hydrsemia,  67 
Hydriodio  acid,  123 
Hydrobilirubin  in  faeces,  165 
Hydrochinon,  300 

Hydrochloride  of  phenyl-hydrazin,  72, 
274 

Hydrochloric  acid,  benzo-purpurm  test 
for,  131 

 acid,  bilberries,  test  for,  132 

 acid,  Congo-red  test  for,  131 

 acid,  detection  of,  129 

 acid,  Dreschfeld's  test  for,  133 

 acid,  emerald-green  test  for,  130 

 acid,  estimation  of,  133 

 acid,  liwald's  test  for,  129 

 acid,  fuchsin  test  for,  129 

 acid,  in  cancer  of  stomach,  14S 

 acid,  in  gastric  juice,  129 

 acid,  methyl-aniline-violet  test  for, 

129 

 acid,  Mohr's  test  for,  129 

 acid,  oo-tropa3olin  test  for,  130 

 acid,  phloro  -  glucin  and  vanUlin 

test  for,  131 

 acid,  UffelrrMnn's  tests  for,  132 

 acid,  ultramarine  and  zinc  sul- 
phide test  for,  133 
Hydrocyanic  acid  poisoning,  64,  162 
Hydronephrosis,  363 
Hydroparacumaric  acid,  300 
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Hydrophobia,  micro-organism  of,  48 
Hydrothrea  meteorica,  195 
Hydrothioniemia,  64 
Hydrothiouuria,  327 
Hyperacidity  of  gastric  juice,  127 
Hypersecretion  of  gastric  juice,  127 
Hypoazoturia,  311 
Hypopyon,  348 
Hyposulphites  of  urine,  323 
HjTposulphurous  acid  in  urine,  327 
Hypoxanthin,  315,  317 
Hysteria,  255 

Idiopathic  bacteriuria,  235 

 oxaluria,  307 

Incubator,  388 
Indlcan,  294 

 estimation  of,  295 

 tests  for,  295 

Indicanuria,  293 
Indigo,  248,  293 
 blue,  293 

 carmine  test-paper,  27S 

 crystals  of,  248 

Indigotin,  293 
Indirubin,  296 
Indol  in  faeces,  202 

 in  urine,  302 

Indoxyl-sulphate,  248 

 -sulphuric  acid,  293 

Indulin,  40 

Infarction,  htemorrhagic,  of  lung,  123 
Infectious  diseases,  blood  iu,  39 

 diseases,  urine  in,  32S 

Inflammation,  non-tubercular,  of  lung, 
117 

Influenza,  bacillus  of,  356 
Infusoria  in  fffices,  iSi 

 in  pus,  357 

 in  sputum,  109 

 in  urine,  237 

 in  vaginal  secretion,  370 

Inoculation  with  micro-organisms,  3S9 
Inorganic  substances  in  blood,  78 

 substances  in  faeces,  205 

 substances  in  semen,  367 

 substances  in  sputum,  114 

 substances  in  urine,  320 

Inosite  in  cysts,  362 

 test  for,  301 

Inosituria,  301 
Insects  in  f feces,  195 
Intermittent  albuminuria,  252,  255 

 ha3maturia,  220 

Intestinal  catanh,  207 

 gases,  205 

 juice,  143 

 putrefaction,  293 

 ulcer,  269 

Intestines,  the,  diseases  of,  207 

 tuberculosis  of,  208 

Invertin,  205 
lodates,  343 

Iodide  of  bismuth  and  potash  test,  160 


Iodine  in  urine,  343 

 test  for,  343 

lodo-ammonic-iodide,  151 
Iodoform  in  urine,  343 
 test  for,  343 

lodo-potassic-iodide  test   for  micro- 
organisms, 171 
Iris  diaphragm,  377 
Iron,  salts  of,  in  sputum,  114 
Iso-butyric  acid,  202 
Iso-cyan-phouyl  teat,  162 

Jacquemin's  test  for  nitrobenzol,  162 
Jaffa's  test  for  indican,  295 

 for  kreatin,  316 

Jaundice,  77,  210 

 casts  in,  224 

 hrematogenic,  288 

Jaundice,  hepatogenic,  288 

 inogenic,  2S8 

 urine  of,  214,  231,  335 

 urobilin,  291 

Johnson's  picric  acid  test  for  sugar,  27S 

Kaibin  in  urine,  215,  344 

 potassium  sulphate,  344 

Kidney,  amyloid,  331 

 caseation  of,  237 

 contracted,  331 

 cyanotic  induration  of,  228 

 cystic,  363 

 epithelium  of,  223 

 large  white,  230 

 small  red,  331 

Xlebs  and  Tommasi-CrudcWs  bacillus  of 

malaria,  49 
Klemperer  on  thrush  fungus,  86 
linife-rest  crystals,  see  Triple  phosphate 
Koch  and  Ehrlich's  staining  methods, 

104 

Koch's  pure  cultivations,  384 
Kreatin,  315 
Kreatinin,  315 
Kreatinin-zinc  chloride,  316 
Kiihne's  staining  methods,  378 

Lactic  acid  bacillus,  206 

 acid,  detection  of,  337 

 acid  fermentation,  146 

 acid  in  blood,  75 

 acid  in  gastric  juice,  139 

 acid  reaction  in  gastric  juice,  13^ 

 acid,  tests  for,  337 

Lactosuria,  287 
Lfevulosuria,  287 

Landois'  test  for  reaction  of  blood,  2 

Larvae,  dipteral,  91,  195 

Lassar's  test  for  reaction  of  blood,  2 

Latent  disseminated  sarcoma,  265 

Laverania  malarire,  49 

Lead  colic,  338 

Lead,  poisoning  with  salts  of,  152,  33S 
Lecithin  corpuscles,  366 
Zegal's  test  for  acetone,  304 
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Lensless  spectroscope,  66 
Leo's  uiethofl  for  estimation  of  HCl,  134 
Leprosy,  bacillus  of,  355 
Leptotlirix  buccalis,  80,  103 

 buccalis  in  sputum,  103 

Ltuhc  and  Salkowski's  titration  process, 
280 

Leucin  in  sputum,  113 

 in  urine,  244 

 tests  for,  245 

Leucocytes  in  blood,  28 

 in  exudations,  348 

 in  fajces,  169 

 in  semen,  366 

 in  sputum,  94 

 in  urine,  220 

 in  uterine  secretion,  370 

 in  vomit,  144 

Leucocytosis,  28 
Leucohypobilin,  210 
Leucomaines,  see  Ptomaines 
Leucourobilin,  210 
LeukiEmia,  29 

•  crystals,  30 

 lymphatico-splenic,  30 

 myelogenic,  29 

 splenic,  30 

Lichtheim's  plate,  385 
Ziehen's  test  for  acetone,  303 
Lipacidaemia,  74 
Lipaciduria,  305 
Lipsemia,  75 

Lippieh's  polarimeter,  284 

Lipuria,  306 

Litmus,  extract  of,  353 

Liver,  acute  yellow  atrophy  of,  241 

 diseases  of,  fasces  in,  210 

 diseases  of,  urine  in,  385 

Lochia,  the,  370 
Lnffier's  staining  process,  41 
Lowenherg's  diplococcus,  9 1 
Lucilia  csesar,  195 

 regina,  195 

Ludwig's  filter,  309 

 process,  308 

lAimniczer's  bacillus,  1 1 5 
Lung,  see  Pulmonary 
Lustgarteii' shacillus,  349 
Lutein,  spectrum  of,  66 
Lymphatico-splenic  leukssmia,  30 

MackAy's  test  for  bile-acids,  76,  288 
Macwilliam's  test  for  peptone,  268 
Magenta  solution,  107 
Magnesia  mixture,  308 

 soaps  of,  in  fssces,  ig6 

Magnesium  phosphate,  242 
Maguire  on  globulin  in  urine,  270 
Malaria,  micro-organisms  in,  49 
Maltose  in  urine,  287 
3faly's  test  for  HCl,  130 
Mammary  secretion,  368 
Margarine  needles  in  sputum,  112 
Martin,  S.,  on  peptonuria,  268 


Marrow-cells,  32 
Mason's  lung,  123 
"  Mastzellcn,"  33 
Measles,  urine  test  for,  328 
Measurement  of  urine,  211 
Meconic  acid,  82 
Meconium,  206 
Megaloblasts,  35 
Megastoma  entcricum,  181 
Melanasmia,  35 
Melanin,  301 

 tests  for,  302 

Melanogen,  302 
Melanuria,  301 
Melithfcmia,  72 
Menstruation,  370 

Mercury,  poisoning  with  salts  of,  153, 
339 

 tests  for,  154,  339 

Metadiamidobenzol,  327 
Metalbumin  in  cysts,  363 

 test  for,  363 

Metallic  poisons,  152 
Metamorphosed  casts,  224 
Metaphosphoric  acid  test  for  albumin, 
257 

Metatungstic  acid,  160 
Methfemoglobin  in  blood,  62 

 ■  in  urine,  272 

 ■  spectrum  of,  62 

Methan,  251 

Methyl-aniline-violet  test  for  HCl,  129 

 for  staining  fungi,  41 

Methylene  blue,  41 
Methyl-violet,  104 

Microbes  in  pneumonic  sputum,  119 
Micrococci  in  buccal  secretion,  80 

 in  nasal  secretion,  gi 

 in  pus,  348 

 in  urine,  233 

 see  also  Fungi 

Micrococcus  chlorinus,  119 

 de  la  rage,  80 

 erysipelatos,  47 

 gonorrhoicus,  334 

 of  sputum-septicsamia,  80 

 prodigiosus,  369 

 tetragenus,  81 

 ureas,  234 

Microcytes,  35 
Microcythsemia,  35 
Micro-organisms,  cultivation  of,  379 

 detection  of,  372 

 examination  of  blood  for,  40 

 in  hydrophobia,  48 

 in  malaria,  49 

 in  scarlatina,  47 

 in  small-iDOx,  48 

 methods  of  staining,  40,  103 

  of  faeces,  170 

 of  milk,  369 

 of  mouth,  80 

 ■  of  nasal  secretion,  91 

 of  pus,  348 
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Micro-organisms  of  nriiio,  233 

 of  vaginal  secretion,  369 

 of  vomit,  146 

 spores  of,  45,  354,  355 

 transmission  of,  to  animals,  389 

 see  also  Fungi 

Microscope,  the,  373 
Microscopical  examination  of  the  blood, 
6 

 examination  of  cystic  fluids,  361 

 examination  of  exudations,  34S 

 examination  of  the  buccal  fluids,  79 

 examination  of  the  fieces,  166 

 examination  of  th^  gastric  con- 
tents, 124 

 examination  of  the  nasal  secretion, 

90 

 examination  of  the  semen,  366 

 examination  of  the  sputum,  94 

 examination  of  the  urine,  217 

 examination  of  the  vomit,  144 

 examination  of  transudations,  361 

 examination  of  vaginal  secretion, 

369 

Miliary  tuberculosis  of  lung,  1:6 

 tuberculosis  of  urinary  organs,  333 

Milk,  the,  368 

 -curdling  ferment  in  gastric  juice, 

126 

 -curdling  ferment  in  urine,  320 

 -sugar,  287 

MiLlons  reagent,  202,  25S 

Mohr's  estimation  of  chlorides,  320 

 tests  for  HCl,  129 

Mdlisch's  sugar  reactions,  279 
Molybdate  of  soda.  156 
Monadines  in  faBces,  180 

 in  sputum,  109 

Monads  in  faeces,  181 

 in  sputum,  109 

Monilia  Candida,  86 
Monohydroxyl-benzol  derivatives,  258 
Moore'i  test  for  sugar,  274 
Mordants  in  staining  micro-organisms, 

33.  379 
Morphia  in  urine,  340 

 poisoning,  156,  340 

 tests  for,  156 

Mott  on  pernicious  anasmia,  290 
Mould  fungi  of  blood,  39 

 fungi  of  f feces,  170 

 fungi  of  gastric  juice  and  vomit, 

146 

 fungi  of  mouth,  80 

 fungi  of  nose,  90 

 fungi  of  sputum,  102 

 fungi  of  urine,  233 

 fungi  of  vaginal  secretion,  370 

 fungi  of  vomit,  146 

Mucin  infseces,  igS 

 in  nasal  secretion,  90 

 in  saliva,  81 

 in  sputum,  1 18 

 in  urine,  272 


j  Mucin,  tests  for,  272 
;  Mucinuria,  272 
i  3Tuldcr's  test,  278 

Murexide  test,  71 

Muscle  fibres  in  f feces,  167 

 fibres  in  vomit,  145 

Myelin  di-oplets,  94,  1 10 

Myelogenic  leukaemia,  29 

Naphthaline  in  urine,  346 
Naphthalol,  343 
Naphthol-poisoniug,  271 
Nasal  catarrh,  91 
 secretion,  90 

 secretion,  cerebrp-spinalfluidin,9r 

 secretion,  characters  of,  90 

 secretion,  Charcot- Leyden  crystals 

in,  91 

 secretion,  concretions  in,  91 

 secretion  in  disease,  90 

 secretion,  micro-organisms  of,  91 

 secretion,  pus  in,  91 

Nematodes,  188 

Nephritis,  329  .  . 

 acute,  329 

 chronic,  330 

 embolic,  227 

 gravidarum,  241 

 sp.  gr.  of  urine  in,  213 

 toxic,  338 

Nephrolithiasis,  250 
Neubaucr's  method,  307,  316 
Neuralgia,  saliva  in,  So 
Neutral  phosphate  of  lime  in  faeces, 
197 

 phosphate  of  lime  in  urine,  242 

 phosphates,  323 

Neutrophil  granules,  33 
Nitrate  of  silver  solution,  321 
Nitrates  in  urine,  326 
Nicotin,  poisoning  with,  157,  341 
Nitric  acid,  poisoning  with,  151 

 acid  test  for  albumin,  255 

Nitrites  in  the  blood,  65 

 in  the  saliva,  82 

•  in  the  urine,  326 

 tests  for,  326 

Nitrobenzol,  poisoning  with,  65,  162, 
342 

 tests  for,  162,  342 

Nitrogen,  estimation  of,  in  urine,  315 
Nitro-prusside  test,  162 

 of  sodium  as  a  test  for  acetone, 

303 

  of  sodium  as  a  test  for  melanuria, 

302 

Normal  acid  solution,  3 

 salt  solution,  10 

 soda  solution,  13 

 urobilin,  290 

Non-pathogenic  fungi  of  blood,  39 

 fungi  of  freces,  170 

 fungi  of  gastric  juice  and  vomit, 

I4S 
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Non-pathogenic  fungi  of  pus,  348 

 fungi  of  sputum,  103 

 fungi  of  urine,  233 

 fungi  of  vaginal  secretion,  370 

Nose,  secretion  from,  90 
Nose-piece  of  microscope,  377 
Nosotoxicosis,  319 
Nuclein,  358 

 in  milk,  368 

 in  pus,  358 

 in  semen,  367 

 in  sputum,  113 

Nucleo-albumin.    See  Mucin 
Nutrient  agar-agar,  383 

 blood  serum,  383 

 fluids,  382 

 fluids,  sterilisation  of,  380 

 gelatine,  383 

 •  gluten,  384 

 milk  peptone,  354 

 potato,  384 

  starch,  384 

 substances,  381 

 substances,  stained,  384 

 substances,  sterilisation  of,  380 

Nylander's  test  for  sugar,  277 

OberMAYER'S  test  for  indican,  295 
Objectives,  373 

 apochromatic,  374 

CEdema,  pulmonary,  122 
•Oidium  albicans,  84 
Oil-immersion  lens,  373 
Oil  of  cloves,  41 
Oleic  acid,  202 
OligocbromsEmia,  8 
Oligocythsemia,  7 
Oliguria,  212 
Omichol,  317 

Optimum  temperature,  387 
Orchitis,  367 

Organic  acids  of  blood,  74 

 acids  of  fffices,  202 

 acids  of  gastric  juice,  139 

 acids  of  sputum,  113 

 acids  of  urine,  305 

 salts  of  lime  in  fseces,  198 

Organised  sediment  of  urine,  219 

 casts  in,  224 

Osteomalacia,  78 

Ovarian  cysts,  362 

Oxalate  of  lime,  amorphous,  247 

 crystals  of,  113,  197,  240 

Oxalic  acid  diathesis,  306 

 acid,  estimation  of,  307 

 acid  in  urine,  241,  306 

 acid,  poisoning  with,  151 

Oxaluria,  306 

 idiopathic,  307 

 vicarious,  307 

Oxyacids,  aromatic,  300 
Oxyamygdalic  acid,  300 
Oxyhtemoglobin,  spectrum  of,  60 
 reduction  of,  25 


Oxyuris  vermicularis,  190 
Ozsena,  91 
Ozone,  328 

P-AMiDO-dimethyl-aniline,  327 
Pacini's  solution,  9 
Palmitic  acid,  202 
Pancreatic  cysts,  364 
Paraamido-phenol-sulphuric  acid,  342 
Parakresol,  297 

Parakresol-asther-sulphuric  acid,  297 
Paralbumin,  363 
Paramoecium  coli,- 182 
Parasites  of  blood,  39 

 of  buccal  secretion,  80 

 of  fcEces,  169 

 of  gastric  juice  and  vomit,  146 

 of  malaria,  49 

 of  milk,  369 

 of  nasal  secretion,  91 

 of  pus,  343 

 of  sputum,  1 01 

 of  urine,  233 

 of  vaginal  secretion,  369 

Parasite  affections  of  stomach,  150 
Paroxyphenyl-acetic  acid,  300 

 propionic  acid,  300 

Paroxysmal  albuminuria,  252 

 hjEmoglobiQuria,  272 

Pathogenic  fungi  of  blood,  39 

 fungi  of  buccal  secretion,  80,  84 

 fungi  of  faices,  173 

 fungi  of  gastric  contents,  146 

 fungi  of  milk,  369 

 fungi  of  nose,  91 

 fungi  of  pus,  349 

 fungi  of  sputum,  loi 

 fungi  of  urine,  234 

 fungi  of  uterine  secretion,  370 

Pathological  albuminuria,  253 

 acetonuria,  303 

 glycosuria,  273 

 urobilin,  290 

Pavy's  fluid,  275 

Pavy's  method  for  estimating  sugar,  73 
Pentamethylene-diamine,  115,  160,  318 
Penzoldt's  test,  279 
Pepsin,  detection  of,  126 

 estimation  of,  126 

 in  gastric  juice,  126 

 in  urine,  319 

 in  vomit,  149 

Peptone  in  blood,  67 

 in  freces,  199 

• — —  in  gastric  juice,  140 

 in  pus,  358 

— ■ —  in  sputum,  113 

 in  urine,  264 

 tests  for,  266 

Peptonuria,  264 

 enterogenic,  265 

 hematogenic,  265 

 puerperal,  265 

 pyogenic,  264 
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Peptonuria,  syphilitic,  266 
Periscopic  eye-piece,  375 
Peritonitis,  200 
Pernicious  antBmia,  38 

 urine  in,  215 

Peroxide  of  hydrogen  in  urine,  328 
Persistent  glycosuria,  274 
Pcttmkofer's  test,  76 
Phantom  corpuscles,  219 
Pharyngomycosis  leptothricia,  89 
Phenacetin,  345 
Phenol  in  fseces,  202 

 in  urine,  297 

 tests  for,  202 

 sether-sulphuric  acid,  297 

Phenols,  estimation  of,  299 
Phenyl-glucosazon,  72,  276 

 hydrazin  chloride,  72,  276 

 -lactosazon,  287 

Phlegmon,  347 
Phloro-glucin,  131 
Phloxin-red,  178 
Phosphates,  estimation  of,  324 

 in  faeces,  197 

 in  sputum,  114 

 in  urine,  242,  249,  323  . 

 tests  for,  324 

Phosphatic  sediment,  239,  249 
Phosphomolybdic  acid  test,  160 
Phosphoric  acid,  estimation  of,  324 
Phosphorus  poisoning,  155,  340 
Phospho-tungstic  acid,  preparation  of, 
159 

 acid  test,  160 

Phthisis,  urine  of,  215,  329 
Physiological  acetonuria,  303 

 albuminuria,  329 

 glycosuria,  273 

Picrate  of  indol,  302 

Picric  acid  test  for  albumin,  258 

 acid  test  for  sugar,  277 

Picro-carmine,  232 
Pilimictio,  251 
Pilocarpin,  83 
Pimaric  acid,  256 
Pinic  acid,  256 
Piophila  casei,  195 
Plasma  of  blood,  i 
Plasmodium  malarise,  49 
Plastic  bronchitis,  115 
Plate  cultivations,  385 
Platinum  chloride  test,  160 
Platodes,  182 
Plehn's  solution,  57 
Pneumaturia,  251 
Pneumoconiosis,  123 
Pneumonia,  118 

 fibrinous  coagula  in,  100 

 micro-organisms  of.  107,  118 

 sputum  of,  107,  118 

Pneumonia-coccus,  detection  of,  108 

 of  FrdnkcJ,  108,  120 

 ■  of  Friedldnder,  107,  120 

Poikilocytes,  31,  36 


Poikilocytosis,  31,  36 
Poison  elaborated  by  cholera  bacillus, 
176 

Poisoning  with  acids,  150,  338 

 with  alkalies,  152,  338 

  with  alkaloids,  156,  340 

 •  with  aniline,  342 

 with  carbolic  acid,  161,  341 

 with  carbonic  oxide,  63,  273,  342 

 with  chlorate  of  potash,  65,  152 

 with  chloroform,  161,  341 

 with  ethylic  alcohol,  161,  341 

 with  hydrocyanic  acid,  64.  162 

 with  metals  and  metalloids,  152, 

338 

 with  nitro-benzol,  65,  342 

 with  nitrous  oxide,  65 

 with  ptomaines,  158 

 with  sulphuretted  hydrogen,  64 

Polarimeter,  284 
Polarisation,  2S4 
PoUenia  rudis,  195 
Polymitus  malarise,  50 
Polyuria,  212 

Potato,  sterilised,  380,  384 
Pravaz'  syringe,  389 
Preparation  of  cover-glasses,  40,  105 
Propeptone  in  gastric  juice,  141 

 in  semen,  269 

 in  urine,  269 

 tests  for,  269 

Propionic  acid,  202 
Prostatic  fluid,  366 

Proteids  formed  in  gastric  digestion, 
141 

 of  blood,  67 

 of  buccal  secretion,  83 

 of  cystic  fluids,  363 

 of  fffices,  168,  198 

 of  gastric  juice,  140 

 of  pus,  35S 

 of  sputum,  113 

 of  transudations,  361 

 of  urine,  251 

 tests  for,  141 

Proto-albumose,  268 

Protozoa  of  blood  in  small-pox,  57 

 in  malaria,  49 

 of  fseces,  180 

 of  pus,  357 

 of  sputum,  109 

Prune-juice  sputum,  ii8 
Prussic  acid  poisoning,  64,  162 

 acid,  tests  for,  162 

Pseudo-diphtheria  bacillus,  89 
Psorospermia,  181 
Ptomaines,  detection  of,  159 

 in  blood,  77 

 in  fasces,  205 

 in  gastric  juice,  158 

 in  urine,  317,  341 

 poisoning  with,  158,  341 

 tests  for,  159 

Ptomato-atropin,  160 
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Ptyalism,  8i 
Puerperal  fever,  47 

 peptonuria,  265 

Pulmonary  aHections,  sputum  in,  1 14 

 abscess,  121 

 gangrene,  121 

 oedema,  122 

Pure  cultivations,  preparation  of,  384 
Purulent  exudations,  chemical  exami- 
nation of,  358 

 exudations,  crystals  in,  358 

 exudations,  fungi  of,  348 

 exudations,  naked-eye  characters 

of,  347 
Pus,  characters  of,  347 

 chemistry  of,  358 

 crystals  of,  358 

 fungi  of,  348 

 in  fa;ces,  i6g 

- —  in  nasal  secretion,  91 

 in  sputum,  94 

 in  stomach,  150 

 in  urine,  221 

 Vitalis  test  for,  221 

Putrefaction  bases,  317 
Putrescin,  160,  318 
Putrid  bronchitis,  115 

 exudation,  359 

Pycnometer,  212 
Pyelitis  calculosa,  332 
Pyelo-nephritis,  casts  in,  227 
Pyogenic  peptonuria,  264 
Pyrocatechin,  299 

 separation  of,  300 

 tests  for,  300 

Pyuria,  221 

QuAETAN  ague,  parasite  of,  53 
Quincke's  inogenic  jaundice,  288 
Quinine  in  urine,  215,  344 
Quinone-tyrosin  reaction,  245 

Reaction  of  blood,  2 

 of  fseces,  164 

 of  gastric  juice,  127 

 of  pus,  347 

 of  sputum,  93 

 of  urine,  216 

Eed  blood-corpuscles,  see  Blood-cor- 
puscles 
Eeduced  hasmatin,  60 

 hsemoglobin,  60 

 hcBmoglobin,  spectrum. of,  60 

Reducin,  317 
Reichert's  lenses,  373 
Relapsing  fever,  spirillum  of,  /;4 
Renal  albuminuria,  253 

 casts,  224 

 colic,  247 

 epithelium,  223 

Resorcin  in  urine,  214 
Retention-toxicosis,  318 
lieynolds'  test  for  acetone,  304 
Rhabditis  genitalis,  238 


Rhabdonema  strongyloides,  194 

Rheumatic  arthritis,  urine  in,  311 

Rhinoliths,  91 

Rhizopoda,  180 

Rhubarb  in  urine,  214 

Rihhert's  small  red  kidney,  331 

Rice-vyater  stools,  209 

Richefs  method  for  estimation  of  HCl^ 

133 
Rickets,  78 

Roberts'  fermentation  process,  282 

 method  of  estimating  albumen, 

260 

 test  for  serum-globulin,  270 

Rochelle  salts,  281 
Rosanilin  hydrochloride,  107 
Rosenbach's  test  for  bile  pigments,  289 
Round  worms,  188 
Roussin's  crystals,  157 
Rubner's  test  for  sugar,  278 

Sacchaeomyces  cerevisiae,  145 

 ellipsoideus,  170 

Saccharomycetes,  170 
Safranin,  232 

Sagro-grain  forms  in  fseces,  166 
Sahli's  test  for  pepsin,  3 1 9 
Salicylates  in  urine,  343 
Salicyl-sulphonic  acid  test,  258 
Saliva,  chemistry  of,  81 

 fungi  of,  80,  85 

 in  disease,  82 

■  •  microscopical  appearances  of,  Sa 

 naked-eye  characters  of,  79 

■  ■  sec  also  Buccal  secretion 

Salivary  corpuscles,  79 

Salkotvski' s  colorimetric  process,  296 

Salol,  343 

Salts  of  the  blood,  77 
Santonin,  346 
Sarcina  of  urine,  234 

 pulmonis,  103 

 variegata,  103 

■  ventriculi,  146 

Sarcolactic  acid  in  blood,  75 

 acid  in  urine,  338 

Sarcophaga  hEematodes,  195 

 hiiemorrhoidalis,  195 

Sarkin,  315 

Scarlatina,  nephritis  in,  223 

 streptococcus  of,  45 

Skatol,  202 

Scheme  of  a  bacteriological  investiga- 
tion, 390 
Schcrcr's  test  for  phosphorus,  155 
SohoUelius'  method  of  cultivation,  175 
Schrciner's  base,  366 
Scolices,  362 

Scurvy,  urine  in,  217,  290 
Searchers,  377 
Sediment,  urinary,  219 
Sedimentator,  218 

Seegen's  method  for  estimating  grape- 
sugar,  73 
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Semen,  chemistry  of,  367 

 physical  characters  of,  366 

Senna  in  uiine,  215 
Sepsis  occulta,  264 

Septicremia  of  mouse,  bacillus  of,  171, 
356 

 milk  in,  36S 

 urine  in,  236 

Seropurulent  exudation,  358 
Serous  exudation,  359 
Serum-albnrain  in  pus,  35S 

 albuminuria,  253 

 globulin  in  urine,  270 

■  globulin,  Robertu'  test  for,  271 

 in  semen,  367 

•  in  sputum,  113 

 in  urine,  253 

 tests  for,  255 

Siderosis  pulmonum,  123 
Silicates  in  sputum,  1 14 
Simple  sulphuric  acid,  323 

 estimation  of,  323 

Sjoqvist's  method  for   estimation  of 

HCl,  134 
Skatoxyl,  296 

 sulphuric  acid,  296 

Small-pox,  protozoa  in,  57 

Smegma  bacillus,  334 

Soaps  of  lime  and  magnesia,  246 

Soda  solution,  normal,  13 

Sodium  pyrophosphate,  325 

Spasmotoxin,  48 

Spectra,  59 

Specific  gravity  of  the  blood,  5 

 gravity  of  the  blood,  estimation 

of,  5 

Spectroscope,  Browning's,  59,  66 

 double,  23,  note. 

 lensless,  66 

Spermatic  crystals,  367 
Spermatozoa,  233,  366 
Spirals,  98 

Spirillum  of  cheese,  177 

 of  relapsing  fever,  44,  236 

 of  relapsing  fever,  spores  of,  45 

Spirochtete  buccalis,  80 

 dentium,  80 

Spores,  preparation  of,  354,  355 

 staining  of,  45,  379 

Sporozoa  in  fseces,  181 
Sputum,  the,  93 

 alveolar  epithelium  in,  94 

 bacteria  in,  102 

 blood  in,  94,  122 

 chemical  examination  of,  113 

 colour  of,  due  to  micro-organisms, 

119 

 connective  tissue  in,  100 

 crystals  in,  112 

 diamines  in,  115 

 elastic  fibres  in,  97 

 fatty  acids  in,  113 

 ferment  in,  114 

 fibrinous  coagula  in,  100 


j  Sputum,  glycogen  in,  1 14 
I   in  disease,  1 14 

 inorganic  constituents  of,  114 

 microscopical  examination  of,  94 

 naked-eye  characters  of,  93 

 parasites  of,  loi 

 proteids  of,  113 

 quantity  of,  93 

 reaction  of,  93 

 specific  gravity  of,  93 

 spirals  in,  98 

 stratification  of,  93 

Staining  fluids,  preparation  of,  105 

 of  micro-organisms,  Biedert's  me- 
thod, 107 

 Ehrlich's  method,  105 

  Gabhett's  method,  107 

 Giacomi's  method,  350 

 Gibbcs'  method,  107 

 Gram's  method,  41 

 Giinther's  method,  45 

 Priedldnder' s  method,  107 

•  Koch's  method,  104 

 Loffler's  method,  41 

 Lustgarten's  method,  349 

 Toison's  method,  12 

  Wedl's  method,  352 

  Weigert's  method,  352 

 with  aniline  dyes,  41,  104 

Staphylococcus  pyogenes  albus,  81 

 pyogenes  aureus,  81,  348 

 pyogenes  citreus,  Si 

 pyogenes  in  milk,  368 

Starch  as  a  nutrient  substance,  384 

 digestion  of,  142 

 granules  in  faaces,  167 

 in  foeces,  167 

 in  gastric  juice,  142 

 in  urine,  250 

Starvation,  indican  in,  293 

Stas-Olto  method,  156 

Stearic  acid,  202 

Stenbech's  sedimentator,  218 

Stercobilin,  165 

Sterilisation,  methods  of,  379 

Sterilised  blood-serum,  380 

 blotting-paper,  3S6 

 nutrient  substances,  380 

 test-tubes,  380 

Steriliser,  380 

 steam,  381 

Steioarl,  Grainger,  on  albuminuria,  251 
Stomach,  atrophy  of,  147 

 cancer  of,  148 

 contractile  activity  of,  142 

 dilatation  of,  149 

■  mucous  catarrh  of,  147 

■  rate  of  absorption  in,  142 

Stomatitis,  84 
Stratified  sputum,  93 
Streptococci,  47,  235 
Streptococcus  erysipelatos,  47,  235 

■  of  scarlatina,  48 

 pyogenes,  47,  235,  349 
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Strongylidos,  190 
Strongylus  duodenalis,  190 
Stutz'  capsules,  258 
Succinic  acid,  362 
Sugar,  fruit,  see  Lsevulose 

 grape,  estimation  of,  230 

 grape,  estimation  of,  by  fermenta- 
tion, 282 

 grape,  estimation  of,  by  polarisa- 
tion, 283 

 grape,  estimation  of,  by  titration, 

280 

 grape,  estimation  of,  Claude  Ber- 
nard's method,  73 

  grape,   estimation  of,  Seegen's 

method,  73 

 grape,  in  blood,  72 

•  grape,  in  exudations,  358 

 grape,  in  urine,  273 

 grape,  tests  for,  274 

 milk,  287 

Sulphanilic  acid  test,  328 

Sulphates  of  sputum,  114 

 of  urine,  323 

Sulphide  of  bismuth  crystals,  198 

 of  sodium  solution,  309 

Sulphocyanide  of  ammonium  solution, 
321 

 of  saliva,  83 

 of  urine,  322 

Sulphur  in  urine,  323 
Sulphuretted  hydrogen  in  blood,  64 

 hydrogen  in  faeces,  205 

 hydrogen  in  urine,  327 

 hydrogen  poisoning,  64 

 hydrogen,  tests  for,  327 

Sulphuric  acid,  compound,  297 

 acid,  poisoning  with,  150 

 acid,  simple,  323 

Syntonin  in  gastric  juice,  141 
Syphilis,  bacillus  of,  349 

 haemoglobiiiuria  in,  271 

 of  liver,  334 

 peptonuria  in,  266 

T^NIA  cucumerina,  185 

 elliptica,  185 

 flavopunctata,  185 

 leptocephala,  1S5 

 madagascariensis,  185 

 mediocanellata,  182 

 nana,  184 

 saginata,  182 

 solium,  183 

Tannin  in  urine,  346 

 test  for  ptomaines,  160 

Tanret's  reagent,  257 

Tartrate  of  potassium  and  sodium,  281 

Taurocholate  of  soda,  84 

Teat- worm,  190 

Teeth,  deposit  on,  86 

Teichmann's  crystals,  61 

 test,  61 

Tertian  ague,  parasites  of,  5 1 


Testicle-cells,  366 
Test-meal,  140 
Test-tube  cultivation,  387 
Test-tubes,  sterilised,  380 
Tetanin,  48 
Tetanotoxin,  48 
Tetanus,  bacillus  of,  355 
Tetramethylenc-diamine,  160,  318 
Tetramethyl-paraphenyl-diamine,  1 34 
Tetra-paper,  134 
Thalliu  in  urine,  344 
Thermostat,  387 
Thiosulphates,  323 
Thomas'  cylindroids,  232 
Thoma-Zeiss'  apparatus,  9 
Thoracic-duct,  obstruction  of,  349 
Thread-worms,  190 
Thrush  fungus,  85 

 in  fa3ces,  170 

 in  mouth,  85 

 in  nose,  91 

 ■  in  stomach,  150 

 ■  in  vagina,  369 

Thymol  test  for  cMoroform,  161 
- — ■  test  for  sugar,  279 

 to  preserve  urine,  218 

Titration  method  for  estimating  sugar.. 
280 

Toison's  staining  fluid,  1 2 
Toluol,  300 
Tongue,  coating  of,  87 
Tonsillitis,  87 
Tonsils,  coating  of,  87 
Toxalbumins,  158 
Toxic  nephritis,  338 

 states,  urine  of,  338 

Transitory  glycosuria,  273 
Transudations,  361 
Traube  on  elastic  fibres,  97 
Traube's  corpuscles,  219 
Trematodes,  187 
Tribromophenol,  299 
Trichina  spiralis,  193 
Trichinosis,  194 
Trichocephalus  dispar,  192 
Trichomonas  intestinalis,  182 

 vaginalis,  370 

Trichotrachelides,  192 
Trigeminal  neuralgia,  82 
Trimethylamin,  370 
Triple  phosphate  crystals,  242 

 phosphate  crystals  in  fasces,  197 

 phosphate  crystals  in  pus,  358 

 phosphate  crystals  in  sputum,  113. 

 phosphate  crystals  in  urine,  242, 

247 

Trommer's  test,  274 

TropEBOlin  (00)  test  for  HCl,  130 

Troup  on  alveolar  epithelium,  96 

 on  spirals,  98 

Trypsin,  319 

Tubercle,  bacillus  of,  45,  103 

 bacillus  of,  detection  of,  103 

 bacillus  of,  in  blood,  45 
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Tubercle,  bacillus  of,  in  faeces,  179,  208 

 bacillus  of,  in  milk,  369 

 bacillus  of,  in  pus,  350 

 bacillus  of,  in  semen,  366 

 bacillus  of,  in  sputum,  103 

 baciUus  of,  in  urine,  236 

 bacillus  of,  spores  of,  116 

Tubercular  infiltration  of  lung,  116 
 infiltration  of  lung,  pneumonic 

type  of,  116 
 infiltration  of  lung,  typhoid  type 

of,  116 
Tuberculin,  46 
Tuberculosis,  chronic,  116 

 miliary,  116 

 of  lung,  116 

 of  urinary  organs,  237,  333 

 urine  in,  328 

Tumours,  fragments  of,  in  fceces,  167 

 in  urine,  233 

Tunnel-borer's  anaemia,  igi 
Turpentine,  oil  of,  346 
Typhoid  fever,  208 

 fever,  bacillus  of,  46,  81,  177 

 fever,  blood  in,  46 

 fever,  Elirlich's  m-inary testfor,  328 

- —  fever,  fseces  in,  177 

 fever,  urine  in,  328 

Tyrosin  crystals,  244 

 crystals  in  f feces,  196 

— — •  crystals  in  sputum,  1 12 

 crystals  in  urine,  244 

 crystals,  tests  for,  244 

Tyrotoxin,  160 

IJFrELMANN's  tests  for  HCl,  132 
Ulcer,  chronic  gastric,  147 

 duodenal,  148 

•  tubercular,  91 

Ulceration,  tubercular,  of  urinary  or- 
gans, 333 
Ulcerative  endocarditis,  236 

 enteritis,  207 

 rhinitis,  91 

Ultramarine  and  zinc  sulphide  test,  133 
Ullzmann's  test,  289 
Unna's  blood-serum  plates,  381 
Unorganised  casts,  224 

 sediment,  239 

Urajmia,  77,  331 

 casts  in,  225 

Uranium  solution,  325 
Urates,  casts  of,  224 

 in  urinary  sediment,  239  246 

Urea,  estimation  of,  311 

 excretion  of,  311 

 in  blood,  68 

 in  faeces,  200 

 in  gastric  juice,  141 

 in  saliva,  83 

 in  urine,  311 

 tests  for,  68 

Ureteritis  membranacea,  332 
Urethra,  epithelium  of,  222 


Urethritis,  334 

Uric  acid  crystals,  240 

 acid  diathesis,  308 

 acid,  estimation  of,  308 

 acid  in  blood,  70 

— —  acid  in  exudations,  360 

 acid  in  urine,  240 

 acid,  tests  for,  70 

Urina  spastica,  215 

Urinary  concretions,  247,  250 

 organs,  tuberculosis  of,  236 

 sand,  250 

 sediment,  219,  240 

Urine,  the,  211 

 actinomyces  in,  237 

 ffither-sulphuric  acids  in,  297 

 albumin  in,  251 

 amorphous  deposit  of,  219 

 bile  acids  in,  287 

•  ■  bile  pigments  in,  241,  288 

■  ■  blood  in,  219 

 carbohydrates  in,  273  j 

 casts  in,  224 

 chemical  examination  of,  255 

 chlorides  in,  320 

 chromogens  of,  214 

 colour  of,  214 

 crystalline  deposit  of,  239 

 detection  of  drugs  in,  343 

 diacetic  acid  in,  305 

 diamines  of,  318 

 epithelium  in,  221 

 fat  in,  247,  306 

 fatty  acids  in,  305 

 fsecal  substances  in,  255 

 ferments  of,  319 

 foreign  bodies  in,  250 

 fragments  of  tumours  in,  233 

 gases  of,  328 

 in  anaemia,  337 

 in  congestion,  329 

 in  diabetes,  336 

 in  diseases  of  alimentary  canal. 

335 

 in  febrile  states,  32S 

 infusoria  of,  237 

 in  hepatic  afiiections,  335 

 in  measles,  328 

 in  nephritis,  329 

 inorganic  constituents  of,  320 

 in  septicaemia,  236 

 in  tuberculosis,  236 

 in  typhoid,  32S 

 leucocytes  in,  220 

microscopical  examination  of,  217' 

 organic  acids  of,  305 

 naked-eye  inspection  of,  211 

 organised  sediment  of,  219 

 oxalic  acid  in,  307 

 parasites  of,  233 

 phosphates  in,  323 

 pigments  of,  214 

 proteids  of,  25 1 

 ptomaines  in,  317 
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Urine,  pus  in,  221 

 quantity  of,  21 1 

 reaction  of,  216 

 specific  gravity  of,  212 

 ■  spermatozoa  in,  233 

 sugar  in,  273 

 urea  in,  311 

 •  urobilin  in,  290 

 vermes  in,  237 

Urinometer,  213 
Urobilin,  febrile,  290 

 blood  derived  from,  76 

 in  fajces,  164,  204 

 in  urine,  214,  290 

 normal,  214 

 of  transudations,  361 

 separation  of,  204 

 spectrum  of,  292 

  tests  for,  291 

Urobilin- jaundice,  291 
Urobilinuria,  290 
Uroclirome,  214,  317 
Uroerytbrin,  214,  240 
Urobeematoporpbyrin,  293 
Uroleucic  acid,  300 
Urotbeobromin,  317 
Uterine  secretion,  370 

Vaginal  secretion,  369 
Valerianic  acid,  202 
Vanillin,  131 

Vapour-sterilisation  apparatus,  380 
Vermes  in  blood,  57 

 in  fseces,  182 

 in  pus,  357 

 in  sputum,  110 

 in  urine,  257 

Vesical  calculus,  333 

  epitbelium,  221 

 .  tumours,  333 

Vesuvin,  105 
Vibrio  buccalis,  80 
Vicarious  oxaluria,  307 
Victoria  blue,  377 
Vierordt's  spectropbotometer,  297 
Vitali's  guaiacum  test,  221 
Vogel's  colour  scale,  215 
Volatile  fatty  acids  in  blood,  74 

 fatty  acids  in  faeces,  200 

.  fatty  acids  in  gastric  juice,  139 

 fatty  acids  in  sputum,  113 

 fatty  acids  in  urine,  305 

Volhard's  metbod,  320 
Vomit,  the,  144 

 acids  in,  150 

 alcohol  in,  161 

 alkalies  in,  152 

 alkaloids  in,  156 

 blood  in,  144 

 carbolic  acid  in,  161 


Vomit,  chloroform  in,  161 

 contents  of,  144 

 diamines  in,  159 

 fajcal  substances  in,  150 

 fungi  of,  145 

 hydrocyanic  acid  in,  162 

 in  acute  gastritis,  146 

 in  cancer  of  stomach,  148 

 in  chronic  gastritis,  146 

■  in  gastric  ulcer,  147 

•  •  in  parasitic  affections  of  stomach, 

150 

 in  poisoning,  150 

  nitric  acid  in,  151 

•  oxalic  acid  in,  151 

 ptomaines  in,  158 

 pus  in,  150 

 sulphuric  acid  in,  151 

 yeasts  in,  145 

Vomitus  matutinus,  146 
Von  FleischVs  hcemometer,  19 
Von  Merinf/ and  Cahn's  method  for  esti- 
mation of  HCl,  133 
Vortmann's  test  for  hydrocyanic  acid,  1 63 

Wasting  diseases,  indican  in,  294 
Waxy  casts,  228 
Weber's  test  for  indican,  295 
Wedl's  litmus  solution,  352 
Wcigcrt's  staining  process,  352 
Weyl's  test  for  kreatinin,  316 
Whetstone  crystals,  see  Triple  phos- 
phate 
Whipworm,  192 

White  blood-corpuscles,  see  Leucocytes 
Whooping-cough,  bacillus  of,  109 

 protozoa  in,  109 

Wool-sorters'  disease,  42 
Working  eye-piece,  377 
Worm-Milllcr's  test  for  sugar,  275 
Worms,  see  Vermes 
Wurster''s  test  for  tyrosin,  244 

Xanthin,  315 

 bases,  71 

Xantho-kreatinin,  315 
Xantho-proteic  test,  258 
Xylol,  45 

Yeast-fungi  of  buccal  secretion,  80 

 of  foeces,  170 

 of  sputum,  103 

 of  urine,  233 

 of  vaginal  secretion,  369 

 of  vomit,  145 

Zeiss's  lenses,  377 

ZieU-Ncelsen  fluid,  106 

Zinc  sulphide  and  xiltramarine  test,  133 

Zuntz'  test  for  reaction  of  blood,  2 

Zymogen  of  gastric  juice,  127 
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PEOFESSOE  MACALISTEE'S 


TEXT-BOOK  OF  HUMAN  ANATOMY. 


Fig.  452.— Section  through  the  thorax  at  the  uppermost  edge  of  seventh  vertebra  along 
the  line  of  the  pulmonary  artery  and  roots  of  the  lungs. 
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By  Prof.  MACALISTER,  M.D.,  F.R.S. 

HUMAN  ANATOMY 

(SYSTEMATIC  AND  TOPOGRAPHICAL), 

A  TEXT-BOOK  OF: 

INCLUDING  THE  EMBRYOLOGY,  HISTOLOGY,  AND    MORPHOLOGY  OP 
MAN,  WITH  SPECIAL  REFERENCE  TO  THE  EEQTJIREMENTS 
OF  PRACTICAL  SURGERY  AND  MEDICINE. 

BY 

ALEXANDER  MACALISTER>  M.A.,  M.D,  F.R.S.,  F.S.A., 

Professor  of  Anatomy  in  tha  UniyerBity  of  Cambridge,  and  Fellow  of  St.  John's  College;  Examiner  in 

Human  Anatomy,  University  of  London. 

In  Large  8«o.     With  816  Illustrations.    Handsome  Cloth,  36s. 


OPINIONS  OF  THE  PRESS. 

"  By  far  the  most  important  work  on  this  subject  that  has  appeared  in  recent  years,  .  .  , 
treating  its  subject  thoroughly  and  comprehensively.  .  .  .  The  histology  of  the  tissues 
is  most  ably  and  lucidly  described." — The  Lancet. 

"This  splendid  volume  fills  up  what  was  a  great  want  in  works  on  human  anatomy.  .  .  . 
We  get  morphology  as  a  basis,  and  thread  our  way  upwards." — Saturday  Review. 

"  Contains  an  enormous  amount  of  valuable  matter.  ...  A  work  which  we  feel  sure  will  be 
a  main  factor  in  the  advancement  of  scientific  anatomy.  In  addition,  we  must  mention  the  finis 
COLLECTION  OF  ILLUSTRATIONS."— i)u6Zm  Mcdicol  Joumol. 

"  Many  of  the  figures  are  of  great  beauty.  .  .  .  The  chapters  on  the  brain  and  spinal  cord, 
the  ear,  and  the  eye,  contain  all  that  is  really  valuable  in  the  most  recent  researches." — Olasgov) 
Medical  Journal. 

"  The  book  bears  an  unmistakable  stamp  of  erudition  and  labour,  and  will  be  valued  both  by 
teachers  and  pupils  as  a  work  of  reference." — British  Medical  Journal. 

"  Dr  Macalister's  extensive  knowledge  of  comparative  anatomy  enables  him  to  speak  with 
authority  on  many  interesting  but  difficult  morphological  problems.  ...  A  vert  able  and 
scientific  treatise." — Edinburgh  Medical  Journal. 
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FROM 

LANDOIS  &  STIRLING'S  HUMAN  PHYSIOLOGY. 


Fig.  224. — Portal  vein  and  its  branches  of  origin.  A,  liver;  B,  gall-bladder;  C,  spleen; 
D,  stomach;  E,  part  of  the  small  intestine;  1,  trunk  of  the  portal  vein;  2,  superior, 
and  3,  inferior  mesenteric  veins;  4,  superior,  5,  5',  middle  and  inferior  hoemorrhoidal 
veins;  6,  right,  and  7,  left  gastro-epiploic  veins;  8,  splenic  vein;  9,  gastric  coronary 
vein;  10,  pyloric  vein;  11,  cystic  vein. 
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Professors  LANDOIS  and  STIRLING. 

HUMAN  PHYSIOLOGY 

(A  TEXT-BOOK  OF): 
Including  Histology  and  Microscopical  Anatomy, 

WITH  SPECIAL  EEFERENCE  TO  PRACTICAL  MEDICINE. 

By  Dr.  L.  LANDOIS, 

pnoPESsoii  OP  rnYsioLOGT,  dnitersity  op  greipswaid. 
Translated  from  the  Seventh  German  Edition,  with  Annotations  and  Additions, 
By  WM.  STIRLING,  M.D.,  Sc.D., 

SEACKSNBnBT  PBOPBSSOB  OP  PHTSIOLOaY  IN  OWESS  COLLEOE,  AND  VICTORIA  UNITERSITT,  MANCHBSTEB; 
EXAMINER  IN  TUE  CNIVERSITY  OP  OXFORD. 

In  Two  Large  8vo  Volumes,  Handsome  Cloth,  42s. 
"Mitb  845  illustrations  (some  in  Colours). 
FOURTH    ENGLISH  EDITION. 


GENERAL  CONTENTS. 

Paet  I. — Physiology  of  the  Blood,  Circulation,  Respiration,  Digestion,  Absorption,  Animal 
Heat,  Metabolic  Phenomena  of  the  Body ;  Secretion  of  Urine ;  Structure  of  the  Skin. 

Paet  II. — Physiology  of  the  Motor  Apparatus;  the  Voice  and  Speech;  General  Physiology 
■of  the  Nerves :  Electro-Physiology;  the  Brain;  Organs  of  Sight,  Hearing,  Smell,  Taste,  Touch; 
Physiology  of  Development. 

Since  its  first  appearance  in  1880,  Prof.  Landois'  Text-Book  of 
Physiology  has  been  translated  into  three  Foreign  languages,  and  passed 
through  Seven  Large  Editions. 

The  Fourth  English  Edition  has  again  been  thoroughly  revised,  and  a 
new  feature  introduced — that  of  printing  some  of  the  Illustrations  in  Colours. 
The  number  of  figures  has  also  been  largely  increased,  from  494  in  the  First, 
to  845  in  the  present  Edition.  In  order  to  do  full  justice  to  the  coloured 
illustrations,  and  to  admit  of  more  of  the  text  being  printed  in  large  type,  it 
has  been  found  necessary  to  put  the  work  once  again  in  two  volumes. 


Opinions  of  the  Press. 

"  So  great  are  the  advantages  offered  by  Prof.  Landois'  Text-book,  from  the  exhaus- 
tive and  EMINENTLY  PRACTICAL  inauner  in  which  the  subject  is  treated  that  it  has  passed 
through  FOUR  large  editions  m  the  same  number  of  years  Dr  Stikling's 

annotations  have  materially  added  to  the  value  of  the  work.    Admirabiy  adapted  for  the 

betw;?%?ot4^v=:?  s:.^  ^'r'-K  ^zf^^'j^Tii;^ 

and  conciseness.    .    .    .    The  additions  by  the  Editor  are  aSe  aVju<uLT^ 
Excellently  clear,  attractive,  and  succinct.  "-^ri«.  3fed.  Journal.  '    '  ' 

^      subjects  dealt  with  are  treated  in  an  admirably  clear,  terse,  and  happilv- 
K     Pr™^''r-{>  /•  t»™       doctrines  laid  down  are  illumiAated  by  reference  to 

facts  of  Climcal  Medicine  or  Pathology.  "—Prac«i<iower  iciereuoe  mi 

.^11  hesitation  in  saving  that  this  is  the  work  to  which  the  Praotition-kr 

will  turn  whenever  he  desires  hght  throw  upon,  or  information  as  to  how  he  can  W 
mvestigate,  the  phenomena  of  a  complicated  or  important  cas^  To  the  STODENTit 
will  be  equally  valuable. »-i?dm6u,-f//i  Medical  Journal.  bTODENT  it 

LANDOIS  and  Stirling  s  work  cannot  fail  to  establish  itself  as  one  of  the  most  useful 
and  ^^ular  wo      known  to  EngHsh  readers,  "-i^nc/a.^er  Medical  clronicle. 

d.L  reference,  LANDOIS  and  Stirling's  Treatise  ought  to  take  the  fork- 
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In  Large  8vo,  with  Numerous  Illuairationa,  Handsome  Cloth,  10s.  M. 

THE  BRAIN  AND  SPINAL  CORD 

(The  Stpuetupe  and  Functions  of). 

BY 

VICTOR  HORSLEY,  B.S.,  F.R.C.S.,  F.R.S., 

Professor  of  Pathology,  University  College;  Assiatant-Surgeou,  Uniyersity  College  Hospital,  be. 


"  The  portion  treating  of  the  development  of  the  Nervous  System  from  the  simplest  animals 
np  to  man,  everywhere  replete  with  interest.  ...  In  the  last  four  Lectures  we  have  most 
clearly  stated  the  results  of  modern  work.  .  .  ,  Well  worth  the  study  of  all  who  wish  to 
apply  the  lessons  of  recent  physiological  rtaeaxch.."— Edinburgh  Medical  Journal. 

"  We  HEARTILY  COMMEND  the  book  to  all  readers  and  to  ALL  classes  of  students  alikb, 
as  being  almost  the  only  lucid  account  extant,  embodying  the  latest  researches  and  their 
conclusions. " — British  Medical  Journal. 


IN  PREPARATION— B7  THE  SAME  AUTHOR. 

SURGERY  OF  THE  BRAIN. 

By  victor  HORSLEY,  F.R.S.,  &c., 

Assistant  Surgeon,  TTniveraity  College  Hospital;  Professor  of  Pathology,  Uniyersity  College,  be.,  &c. 


In  Large  8vo.    With  Illustrations. 

ON  PERIPHERAL  NEURITIS. 

By  JAS.  ROSS,  M.D.,  LL.D., 

Late  Physician  to  the  Manchester  Royal  Infirmary,  and  Joint  Professor  of  Medicine  at  the  Owena  College: 

And  JUDSON   BURY,    M.D.,  M.R.O.R, 

Senior  Asaiatant  Physician  to  the  Manchester  Royal  Infirmary. 
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By  W.   BEVAN  LEWIS. 


MENTAL  DISEASES 

(A  TEXT-BOOK  OF): 

Having  Special  Reference  to  the  Pathological 
Aspects  of  Insanity. 

BY 

W.  BEY  AN  LEWIS,  L.E.O.P.  Lond.,  M.R.O.S.  Eng., 

Medical  Director  of  the  West  Riding  Asylum,  Walsefleld. 

In  Large  8uo,  with  Eighteen  Lithographic  Plates  and  Illustrations  in  the  Text. 

Handsome  Cloth,  28s. 


OPINIONS    OF    THE  PRESS. 

"Will  take  the  highest  bank  as  a  Text-Book  of  Mental  Diseases."— British  Medical 
Journal. 

"  Without  doubt  the  best  book  in  English  of  its  kind.  .  .  .  The  chapter  on  Epileptic 
Insanity  and  that  on  the  Pathology  of  Insanity  are  perfect,  and  show  a  power  of  work  and 
originality  of  thought  which  are  a.dmiiahle."— Journal  of  Mental  Science. 

"  The  work,  all  through,  is  the  outcome  of  original  observation  and  research.  "—Jftnrf. 

"  A  SPLENDID  ADDITION  to  the  literature  of  mental  diseases.  .  .  .  The  anatomical  and 
histological  section  is  admirably  done.  .  .  .  The  clinical  section  is  concise  and  tersely 
written.  It  is,  however,  to  the  pathological  section  that  the  work  owes  its  chief  merit.  As  a 
standard  work  on  the  pathology  of  mental  diseases  this  work  should  occupy  a  prominent 
place  in  the  library  of  every  alienist  physician."— Z)M5Ztw  Medical  Journal. 

"  Affords  a  fubiess  of  information  which  it  would  be  difficult  to  find  in  any  other  treatise 
in  the  English  language."— ^dire.  Medical  Journal. 

"  We  record  our  conviction  that  the  book  is  the  best  and  most  complete  treatise  upon  the 
pathological  aspect  of  the  subject  with  which  we  are  familiar.  ...  An  absolutely 
indispensable  addition  to  every  aUenist's  and  neurologist's  Ubrary."— TAe  Alienist  and 
Neurologist. 

"  It  would  be  quite  impossible  to  say  too  much  in  praise  of  the  illustrations."— .4 mmcan 
Journal  of  Insanity. 

"  The  Section  on  Pathological  Anatomy  is  UNRIVALLED  in  EngKsh  literature."— 5M«c<m 
de  la  Soc.  Mid.  Menlale  de  Belgique. 
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By  Drs.  OBERSTEINER  and  HILL. 
THE 


CENTRAL  NERVOUS  ORGANS: 

A  GUIDE  TO  THE  STUDY  OF  THEIR  STRUCTURE  IN 
HEALTH  AND  DISEASE. 

BY 

PEOFESSOE  H.  OBEESTEINEE, 

University  of  Vienna. 

TRANSLATED,   WITH  ANNOTATIONS  AND  ADDITIONS, 

BY 

ALEX  HILL,  M.A.,  M.D., . 

Master  of  Downing  College,  Cambridge. 


With  all  the  Original  Illustrations.     Large  Svo,  Handsome  Cloth,  2Ss. 


V  The  Publishers  have  the  pleasure  to  announce  that  to  the  Eno-lish 
version  of  this  important  Treatise,  numerous  original  Additions  and  a 
Glossary  of  the  subject  have  been  contributed  by  the  Editor,  whose 
admirable  work  in  this  department  of  research  is  so  well  known.'  These 
Additions  greatly  increase  the  value  of  the  book  to  students. 

Special  attention  is  also  directed  to  the  Illustrations.  Many  of  these 
•are  on  a  plan  peculiarly  helpful  to  the  student— the  one-half  beins  in 
outline,  the  other  filled  in.    (See  p.  10.) 


OPINIONS   OF   THE  PRESS. 

"  Dr.  Hill  has  enriched  the  work  with  many  notes  of  hi«!  own  tt;ii>„  i  i 

tion  is  most  accurate,  the  English  is  exceUentf  and  the  boonVery  VeadaSe 


inaS^  T^XSaC'isTn^b™  rX^^h^S^S  7"^*^  r^''^-^ 

to  follow  his  author,  but  also  to  sii^emlnt  hhn  ^-tl/ fl,!^^^  u  ^n'lto'ny.  able  not  only 
Dr.  Hill's  additions  kdd  materialirtothf  value  S  S  o^^^^  independent  research, 

mended  to  all  students  of  mental  science  Thfiif  ?   .  .Tbo  work  is  speciaUy  com- 

exceUence  and  admirably  instructive  "-^/md   *    *  ^""^t^^ti^e  figures  are  of  particular 
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By  Prof,  von  JAKSCH. 


Fig.  86.— a,  h,  Cylindroids  from 
the  urine  in  congested  kidney. 


CLINICAL  DIAGNOSIS: 

THE 

Bacteriological,  Chemical,  and  Microscopical 
Evidence  of  Disease. 

By  Prof.  E.  v.  JAKSCH, 

Of  the  University  of  Prague. 

Translates  from  the  Third  German  Edition 
AND  Enlarged 

By  JAMES  CAGNEY,  M.A.,  M.D., 

Phya.  to  the  Hosp.  for  Epilepsy  and  Paralysis,  Regent's  Park. 
With  Additional  Illustrations,  many  Coloured^ 
In  large  Svo,  Handsome  Cloth, 

SECOND   ENGLISH  EDITION. 


GENEEAL  CONTENTS. 
The  Blood  — The  Buccal  Secretion  —  The- 
Nasal  Secretion — The  Sputum — The  Gastric 
Juice  and  Vomit — The  Faeces — Examination 
of  the  Urine  —  Investigation  of  Exudations, 
Transudations,  and  Cystic  Fluids — The  Secre- 
tions of  the  Genital  Organs  —  Methods  of 
Bacteriological  Research — Bibliography. 


OPINIONS    OF    THE  PRESS. 

"A  striking  example  of  the  application  of  the  Methods  of  Science  to  Medicine.  .  .  . 
Stands  almost  alone  amongst  books  of  this  class  in  the  width  of  its  range,  the  THOROUGH- 
NESS of  its  exposition,  and  the  clearness  of  its  style.  Its  value  has  been  recognised  in  many 
countries.  .  .  .  The  translator  has  done  his  share  of  the  work  in  an  admirable  manner.  .  •  .•  -T- 
standard  work  .  ..  as  trustworthy  as  it  is  scientific.  .  .  .  The  numerous  and  artistic 
illustrations  form  a  great  feature  of  the  work,  and  have  been  admirably  reproduced/'— I^nca. 

"  Supplies  a  real  want.  .  .  .  Eich  in  information,  accurate  in  detail,  lucid  in  style. 

■^"'up^ggg^gg'^H^QH  VALUE.  .  .  .  There  is  a  most  admirable  hihliogT&phj."— Edinburgh 

Med.  Review.                                     ,      .                                      „         r>f  (n-oa*- 
"A  new  and  valuable  work  .  .  .  worthy  of  a  first  place  as  a  text-book.  .  .  .  Ut  great 
value  both  to  medical  practitioners  and  medical  students."— J'oMJViai  of  American  Mca. 
Association,  Gldcago.  
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Now  Ready.    In  Large  Svo,  with  Illustrations  in  the  Text  and  IS  Folding-Plates,  28s. 

DISEASES  OF  THE  HEART 
AND  THORACIC  AORTA 

(THE   DIAGNOSIS  OF). 

BY 

A.  ERNEST  SANSOM,  M.D.,  F.RC.P., 

Physician  to  the  London  Hospital ;  Consulting  Physician,  North-Eastern  Hospital  for  Children ; 
Examiner  in  Medicine,  Royal  College  of  Physicians  (Conjoint  Board  for  England),  and 
University  of  Durham ;  Lecturer  on  Medical  Jurisprudence  and  Public  Health, 
London  Hospital  Medical  College,  &c. 
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By  SIR  DYCE  DUCKWORTH,  M.D.,  F.R.C.P. 


G-OTJT 


(A  TREATISE  ON). 


BY 


SIR  DYOE  DUCKWORTH, 

M.D.  Edin.,  LL.D.,  lion.  Physician  to  H.R.H.  the  Prince 
of  Wales,  Physician  to,  and  Lecturer  on  Clinical 
Medicine  in,  St.  Bartholomew's  Hospital. 

In  Large  8uo.  With  Chromo-Lithograph, 
Folding  Plate,  and  Illustrations  in  the 
Text.    Handsome  Cloth,  25s, 


Fig.  1. — Human  Articular  Cartilage, 
from  head  of  a  metatarsal  bone  (Nor- 
mal). 


*^*  This  work  is  the  result  of  the 
special  opportunities  which  London 
Practice  affords  as,  probably,  the  largest 
field  of  observation  for  the  study  of 
Gout.  It  is  based  on  the  experience 
derived  from  both  Hospital  and  Private 
Practice,  each  of  which  furnishes  dis- 
tinctive phases  of  the  disease. 


OPINIONS    OF    THE  PRESS. 

"  Thoroughly  practical  and  highly  philosophical.  The  practitioner  wiU  find  in  its 
pages  an  enormous  amount  of  information.  ...  A  monument  of  clinical  obser- 
vation, of  extensive  reading,  and  of  close  and  careful  reasoning. " — Practitioner. 

"All  the  known  facts  of  Gout  are  carefully  passed  in  review.  .  .  .  We  have 
chapters  upon  the  clinical  varieties  of  Gout,  and  the  affectious  of  special  organs  and 
textures.  ...  A  very  valuable  storehouse  of  material  on  the  nature,  varieties, 
and  treatment  of  Gout." — Lancet, 

"  A  very  well  written,  clear,  and  thoroughly  satisfactory  epitom^  of  our  present 
knowledge  upon  the  subject  of  Qout."— Philadelphia  Therapeutic  Gazette. 

"  Impartial  in  its  discussion  of  theories,  full  and  accurate  in  its  description  of  clmical 
facts,  and  a  trustworthy  guide  to  treatment.  "—5riiisA  Medical  Journal. 
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By  A.  E.  GARROD,  M.D.,  F.R.C.P. 

Rheumatism 

AND 

Rheumatoid  Arthritis 

(A  TREATISE  ON). 

BY 

AECHIBALD  E.  GAEEOD, 

M.A.,  M.D.  Oxon.,  F.R.C.P.,  Assistant-Physician  to 
the  West  London  Hospital,  &c. 

In  Large  8uo,  with  Charts  and  Illustra- 
tions.   Handsome  Cloth,  21s. 


The  author's  aim  is  to  give 
a  consistent  picture  of  Rheumatism 
as  a  systemic  disease  presenting  one 
definite  set  of  phenomena,  the  re- 
sult, it  is  believed,  of  one  single 
and  specific  morbid  process. 


Fig.  1.— Gangliform  Swelling  on  the  Dorsum 
on  the  Hand  of  a  Child  aged  Eight, 


OPINIONS  OF  THE  PRESS. 

"The  wide  subject  of  the  etiology  of  rheumatism  is  carefully  treated.  .  .  .  The 
discussion  of  etiology  la  completed  by  a  full  analysis  of  the  conditions  which  determine 
mdividual  attacks.  ...  Dr.  Garrod  is  to  be  congratulated  on  having  put  before  the 
profession  so  clear  and  coherent  an  account  of  the  rheumatic  diseases.  The  style  of  his 
work  IS  eminently  readable."— i/ance<.  j     w  w 


'1  ^^-iJ  Tf'*!®'',^?'^  reliable.  .  .  We  have  Httle  doubt  that  this  monograph  wUl  take 
^Mediad  Jouncd  special  medical  subjects  in  the  English  language,"— Z>u6i!» 

"An  EXCELLENT  ACCOUNT  of  the  clinical  features  of  the  diseases  in  question.  The  chapters 
on  treatment  are  thoroughly  rRACTicAL."-iT/anc/iesic?-  Medical  Chronicle. 
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By  Drs  MEYER  and  FERGUS. 

Now  Ready,  with  Three  Coloured  Plates  and  numerous  Illustrations. 
Royal  8vo,  Handsome  Cloth,  25s. 

DISEASES  OF  THE  EYE 

(A  PRACTICAL  TREATISE  ON), 

By  EDOUARD  MEYER, 

Prof,  d  VEcole  Pratique  de  la  Faculty  de  Me'decine  de  Paris, 
Ghev.  of  the  Leg.  of  Honour,  &c. 


Translated  from  the  Third  French  Edition,  with  Additions  as 
contained  in  the  Fourth  German  Edition, 
By  F.  FERGUS,  M.B.,  Ophthalmic  Surgeon,  Glasgow  Infirmary. 


The  particular  features  that  will  most  commend  Dr  Meyer's  work 
to  English  readers  are — its  conciseness,  its  helpfulness  in  explanation, 
and  the  practicality  of  its  directions.  The  best  proof  of  its  worth 
may,  perhaps,  be  seen  in  the  fact  that  it  has  now  gone  through  three 
iVench  and  four  German  editions,  and  has  been  translated  into  most 
European  languages — Italian,  Spanish,  Eussian,  and  PoKsh — and  even 
into  Japanese. 


Opinions  of  the  Press. 

"A  GOOD  TRANSLATION  OF  A  GOOD  BOOK.  ...  A  SOUND  GUIDE  in  the  diagnosis  and  treatment  of 
the  various  diseases  of  the  eye  that  are  likely  to  fall  under  the  notice  of  the  general  Practitioner.  The 
Paper,  Type,  and  Chromo-Lithographs  are  all  that  could  be  desired.  .  .  .  We  know  of  no  work  in  which 
the  DISEASES  and  deformities  of  the  lids  are  more  fully  treated.  Numerous  figures  illustrate  almost 
every  defect  remediable  by  operation." — Practitioner. 

"  A  VERT  TRUSTWORTHY  QUIDB  in  all  respects.  .  .  .  THOROUGHLY  PRACTICAL.  Excellently  translated, 
and  very  well  got  up.   Type,  Woodcuts,  and  Chromo-lithographs  are  alike  e.xcelleut."— £(i?icc(. 

"Any  Student  will  find  this  work  of  GREAT  VALUE.  .  .  .  The  chiipter  on  Catai-act  is  excellent.  .  .  . 
The  Illustrations  describing  the  various  plastic  operations  are  specially  helpful." — Brit.  Med.  JourmL 

"An  EXCELLENT  TRANSLATION  of  a  standard  French  Text-Book.  .  .  .  Wo  can  cordially  recommend 
Dr  Meyer's  work.    It  is  essentially  a  practical  work.    The  Publishers  have  done  their  part  in  tlie 

TASTEFUL  and  SUBSTANTIAL  MANNER  CHARACTERISTIC  OP  THEIR  MEDICAL  PUBLICATIONS.  The  Type  and 
the  Illustrations  are  iu  marked  contrast  to  most  medical  works." — Ophthalmic  Kevieio. 
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By  PROFESSOR  T.  M'CATLL  ANDERSON,  M.D. 

Nolo  ready,  with  two  Coloured  Lithograjyhs,  Steel  Plate,  and  numerous  Woodcuts. 

Jtoyal  Bivo,  Handsome  Cloth,  25s. 

DISEASES  OF  THE  SKIN 

(A  TEEATISE  OlS), 

With  Special  Eeferencb  to  Diagnosis  and  Treatment,  including  an 
Analysis  of  11,000  Consecutive  Cases. 

By  T.  M'CALL  ANDERSON,  M.D., 

Professor  of  Clinical  Medicine,  University  of  Glasgow. 

The  want  of  a  manual  embodying  the  most  recent  advances  in  the 
treatment  of  cutaneous  affections  has  made  itself  much  felt  of  late  years. 
Professor  M'Call  Anderson's  Treatise,  therefore,  affording,  as  it  does,  a 
complete  r6sum4  of  the  best  modern  practice,  will  be  doubly  welcome.  It 
is  written — not  from  the  standpoint  of  the  University  Professor — but  from 
that  of  one  who,  during  upwards  of  a  quarter  of  a  century,  has  been  actively 
^^g'^g^d  '^o^'^  ill  private  and  in  hospital  practice,  with  unusual  opportunities 
for  studying  this  class  of  disease,  hence  the  PRACTICAL  and  CLINICAL  direc- 
tions given  are  of  great  value. 

Speaking  of  the  practical  aspects  of  Dr  Anderson's  work,  the  British 
Medical  Journal  says  : — "  Skin  diseases  are,  as  is  well  known,  obstinate  ana 
troublesome,  and  the  knowledge  that  there  are  ADDITIONAL  resources 
besides  those  in  ordinary  use  will  give  confidence  to  many  a  puzzled 
medical  man,  and  enable  him  to  encourage  a  doubting  patient.  Almost 

ANY  PAGE  MIGHT  BE  USED  TO  ILLUSTRATE  THE  FULNESS  OF  THE  WORK  IN 

THIS  RESPECT.  .  .  .  The  chapter  on  Eczema,  that  universal  and  most 
troublesome  ailment,  describes  in  a  comprehensive  spirit,  and  with  the 
greatest  accuracy  of  detail,  the  various  methods  of  treatment.  Dr  Anderson 
writes  with  the  authority  of  a  man  who  has  tried  the  remedies  which  he 
discusses,  and  the  information  and  advice  which  he  gives  cannot  fail  to 
prove  extremely  valuable." 


Opinions  of  the  Press. 

"Beyond  doubt,  the  most  mpoRTANT  work  on  Skin  Diseases  tliat  lias  appe.ared  in  England  for  many 

y*;"."-  ,;    •  ,• .  ^'lOUNT  AND  EXCELLENCE  of  tlie  CLINICAL  AND  PRACTICAL  informaUon 

wliioh  It  contains."— i?ri«isft  Medical  Journal. 

"Professor  M'Call  Anderson  has  produced  a  work  likely  to  prove  very  acceptable  to  the  busy  practitioner. 
The  sections  on  ti^eatment  are  very  full.  For  example,  Eczema  has  110  pages  given  to  it,  and  73  of  these 
pages  are  devoted  to  treatment."— iajiccJ.  i  =     &  ,        .o  iin.ae 
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By  Prof.  A.  C.  HADDQN. 

EMBRYOLOGY 

(AN  INTRODUCTION  TO  THE  STUDY  OF). 

BY 

ALFRED   C.   HADDON,  M.A.,  M.R.I.A, 

Professor  of  Zoology,  Royal  College  of  Science,  Dublin. 


In  Large  8uo,  with  190  Illustrations.    Handsome  Cloth,  18s. 


OPINIONS   OF  THE  PEESS. 

"Well  and  cleaklt  weitten.  .  .  .  Many  important  discoveries  or  theories  are 
described,  which  are  necessarily  absent  from  Balfour's  work."— iVatwe. 

"Dr.  Haddon  has  written  the  best  of  the  three  modern  English  works  on  the  subject." — 
Dublin  Medical  Journal. 

"  The  later  chapters  of  Prof.  Haddon's  work  ably  demonstrate  the  development  of  organs 
from  the  mesoblast  and  epiblast." — Brit.  Med.  Journal. 

"The  zoological  student,  to  whom  as  a  text-book  it  is  invaluable,  will  find  it  thorough, 
TEUSTWORTHY,  AND  SOUND  in  all  its  teachings,  and  well  up  to  date.  .  .  ,  We  specially 
commend  the  book  to  our  readers."— iV^a«.  Monthly. 


THE  JOURNAL 

OF 

ANATOMY  &  PHYSIOLOGY: 

NORMAL  AND  PATHOLOGICAL. 

CONDUCTED  BY 

SIR  GEORGE  MURRAY  HUMPHRY,  M.D.,  LL.D.,  F.R.S., 

Professor  of  Surgery,  Late  Professor  of  Anatomy  in  the  University  of  Cambridge ; 

SIR  WILLIAM  TURNER,  M.B.,  LL.D.,  D.O.L.,  E.R.S., 

Prof,  of  Anatomy  in  tlie  Uuiyeraity  of  Edinburgh ; 
AND 

J.  G.  M'KENDRIOK,  M.D.,  E.R.S., 

Prof,  of  the  Institutes  of  Medicine  iu  the  University  of  Glasgow. 


Published  Quarterly,  Price  6s.      Annual  Subscription,  20s.;  Post  Free,  21s. 
Subscriptions  payable  in  advance. 
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By  W.   THORBURN,  F.R.C.S.  Eng. 

THE  SURGERY  OF  THE  SPINAL  CORD 

(A  Contribution  to  the  Study  of): 
By  WILLIAM  THORBURN,  B.S.,  B.Sc,  M.D.  Lond,,  F.R.C.S.  Eng., 

Assistimt  Surgeon  to  the  Manchester  Boyul  Inllrmary. 

In  Large  Svo,  with  Illustrations  and  Tables.    Handsome  Cloth,  ISs.  6d. 

"  We  congratulate  Dr.  Thorbiirn  on  his  masterly  monograph."— Sa/wrdaj/  Itevieio. 
"A  MOST  VALUABLE  CONTRIBUTION  to  the  literature  of  a  field  of  surgery  which,  althouKh  but 
recently  brought  under  cultivation,  is  already  yielding  such  brilliant  Tesult3."—Sirmingham  Medical 

Really  the  fullest  record  we  have  of  Spinal  Surgery.  .  .  .  The  work  marks  an  important 
advance  in  modern  Surgery."  „  •    ,o  „    r,  ■  ,  i  ir  ^-    i  r  i 

"A  most  THOROUGH  and  exhaustive  work  on  Spinal  Surgery."— Bris/oi  Medical  Journal. 

"A  MOST  VALUABLE  contribution  both  to  Physiology  and  iiurgery."— Ophthalmic  Review. 

"  A  VERY  VALUABLE  contribution  to  practical  neurology.  .  .  .  This  book  is  an  excellent,  clear, 
concise  monograph."— PAiiade/pAia  Therapeutic  Gazette. 


By  J.  KNOWSLEY  THORNTON,  M.B.,  M.C. 

THE  SURGERY  OF  THE  KIDNEYS, 

Being  the  Harveian  Lectures,  1889. 
By  J.  KNOWSLEY  THORNTON,  M.B.,  M.C, 

Surgeon  to  the  Samaritan  Free  Hospital,  &o. 
In  Demy  Svo,  with  Illustrations.    Handsome  Cloth,  5s. 

"  The  name  and  experience  of  the  author  confer  on  the  Lectures  the  stamp  of  authority." — British 
Medical  Journal,, 

"  These  Lectures  are  an  exposition  bv  the  hand  of  an  expert  of  what  is  known  and  has  been  done, 
up  to  the  present,  in  the  Surgery  of  the  ICidneys." — Edinburgh  Medical  Journal. 

"  The  book  will  necessarily  be  widely  read,  and  will  have  an  important  influence  on  the  progress 
of  this  domain  of  Surgery."—  University  Medical  Magazine. 


By  H.  W.  PAGE,  F.R.C.S. 

RAILWAY  INJURIES: 

With  Special  Reference  to  those  of  the  Back  and  Neruous  System,  in 
their  IVIedico-Legal  and  Clinical  Aspects, 

By  HERBERT  W.  PAGE,  M.A.,  M.C.  (Cantab),  F.R.C.S.  (Eng.), 

Surgeon  to  St.  Mary's  Hospital,  Dean,  St.  Mary's  Hospital  Medical  School,  &c. 
In  Large  Svo.    Handsome  Cloth,  Gs. 

"A  work  INVALUABLE  to  those  who  have  many  railway  cases  under  their  care  pending  liti- 
gation. ...  A  book  which  every  lawyer  as  well  as  doctor  should  have  on  his  shelves."— jBrirtsA 
Medical  Journal. 

"  Deserves  the  most  careful  study.  ...  A  book  which  every  medical  man  would  do  well  to 
read  before  he  presents  himself  for  examination  and  cross-examination  in  the  witness-box  on  a  railway 
case."— Dublin  Med.  Journal. 

"  This  book  will  undoubtedly  be  of  great  use  to  Lawyers."— £ajo  Times. 
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By  Sir  WILLIAM  AITKEN,  M.D.  Edin.,  FRS 

Late  'Fel&^l''"i^"'-^°''°?'  •  ^■^'^rniner  in  Medicine  for  the  Milita;y  Medical 

bervloeyf  tl  e  Qu  e^^^  of  the  Sanitary  Ins.iiute  of  Great  Britain  ;  C  orreBponding 

Membei  of  the  Hoyal  Imperial  Society  of  Physicians  of  Vienna  and 
tho  bocioty  of  Medicine  and  Natural  History  of  Dresden. 

SEVENTH  EDITION. 

THE  SCIENCE  AND  PRACTICE  OF  MEDICINE. 

In  Two  Volumes,  Royal  8uo,  Cloth,  42s. 

OPINIONS   OF   THE  PRESS. 

one,  and  adapted  to  the  requirements  of  the  Student,  Professor, 

Z  tn  hp  r^pr'^T?  •  ^f^'^T- 1  •    •  .  •  ^"^^^^  ^  ^^^S^  °f  information 

not  to  be  met  wth  m  other  books,  epitomised  for  liim  in  this.  We  Imow  of  no  work  that  con- 
tains so  much,  or  such  full  and  varied  information  on  all  subjects  connected  with  the  Science 
and  Jr'ractice  of  Medicine."— Za/icei. 

r.r.l'^^^  Standard  Text-Book  in  the  English  Language.  .  .  .  There  is,  perhaps,  no 
work  more  indispensable  for  the  Practitioner  and  Student."— Hdin.  Medical  Journal. 

OUTLINES  OF  THE  SCIENCE  AND  PRACTICE  OF  MEDICINE. 

A  TEXT-BOOK  FOR  STUDENTS. 

Second  Edition.     Crown  8vo,  12s.  6d. 

"  Students  preparing  for  examinations  will  hail  it  as  a  perfect  godsend  for  its  conciseness  " 
— Athenceum. 


PRACTICAL  SANITATION: 

A  HANDBOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 
INTERESTED  IN  SANITATION. 

By  GEORGE  REID,  M.D.,  D.P.H., 

Fellow  of  the  Sanitary  Institute  of  Great  Britain,  and  Medical  Officer,  Staffordshire  County  Council. 
WITH  AN  APPENDIX  ON  SANITARY  LAW 

By  HERBERT  MANLEY,   M.A.,   M.B.,  D.P.H., 

Medical  Officer  of  Health  for  the  County  Borough  of  West  Bromwich. 

In  Large  Crown  8vo,  with  Illustrations.     Price  6s. 


GENERAL  CONTENTS. 

Introduction — Water  Supply :  Drinking  Water,  Pollution  of  Water — Ventilation  and 
Warming— Principles  of  Sewage  Removal — Details  of  Drainage;  Refuse  Removal  and 
Disposal— Sanitary  and  Insanitary  Work  and  Appliances — Details  of  Plumbers'  Work — 
House  Construction — Infection  and  Disinfection — Food,  Inspection  of;  Characteristics 
of  Good  Meat;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food — Appendix;  Sanitary  Law; 
Model  Bye-Laws,  &c. 


"  A  TBiiT  csKpcL  Handbook,  witli  a  very  useful  Appendix.  Wo  recommend  it  not  only  to  Sanitart 
Inspectobs,  but  to  all  interested  in  Sanitary  matters."— .S'anitarj/  Record. 
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SEWAGE  DISPOSAL  WORKS: 

A  GUIDE  TO  THE 

Construction  of  Works  for  the  Preuention  of  the  Pollution  by  Sewage 

of  Riuers  and  Estuaries. 

BY 

W.  SANTO  CRIMP,  Mem.  Inst.  C.E.,  F.G.S., 

Assiatant-Enginoer,  London  County  Council. 

With  Tables,  Illustrations  in  the  Text,  and  33  Lithographic  Plates. 
Medium  8vo.    Handsome  Cloth,  25s. 


PART  I. — Introductory. 


Introduction. 

Details  of  Eiver  Pollutions  and  Recom- 
mendatinns  of  Various  Commissions. 

Hourly  and  Daily  Flow  of  Sewage. 

The  Pail  System  as  Affecting  Sewage. 

The  Separation  of  Rain-water  from  the 
Sewage  Proper 


Settling  Tanks. 
Chemical  Processes. 
The  Disposal  of  Sewage-sludge. 
The  Preparation  of  Land  for  Sewage  Dis- 
posal. 

Table  of  Sewage  Farm  Management. 


PART  II. — Sewage  Disposal  Works  in  Operation — Their 
Construction,  Maintenance,  and  Cost. 

Illustrated  by  Plates  showing  the  General  Plan  and  Arrangement  adopted 

in  each  District. 


1.  Don  caster  Irrigation  Farm. 

2.  Beddington  Irrigation  Farm,  Borough 

of  Croydon. 

3.  Bedford  Sewage  Farm  Irrigation. 

4.  Dewsbury  and  Hitchin  Intermittent 

FUtration. 

5.  Merton,    Croydon    Rural  Sanitary 

Authority. 

6.  Swanwick,  Derbyshire. 

7.  The  Ealing  Sewage  Works. 

8.  Chi.swick. 

9.  Kingston-on-Thames,  A.  B.  C.  Process. 

10.  Salford  Sewage  Works. 

11.  Bradford,  Precij)itation. 


12.  New  Maiden,  Chemical  Treatment  and 

Small  Filters. 

13.  Friern  Barnet. 

14.  Acton,  Ferozone  and  Polarite  Process. 

15.  Ilford,  Chadwell,  and  Dagenham  Sew- 

age Disposal  Works. 

16.  Coventry. 

17.  Wimbledon. 

18.  Birmingham. 

19.  Newhaven. 

20.  Portsmouth. 

21.  Sewage  Precipitation  Works,  Dort- 

mund (Germany). 

22.  Treatment  of  Sewage  by  Electrolysis. 


"  All  persons  interested  in  Sanitary  Science  owe  a  debt  of  gratitude  to  Mr.  Crimp.  .  .  . 
His  work  will  be  especially  useful  to  Sanitaey  Authorities  and  their  advisers  .  . 
EMINENTLY  PRACTICAL  AND  USEFUL  .  .  .  gives  plans  and  descriptions  of  many  of  the 
MOST  IMPORTANT  SEWAGE  WORKS  of  England  .  .  .  with  Very  vahxable  information  as  to 
the  COST  of  construction  and  working  of  each.  .  .  .  The  carefully-prepared  drawings 
permit  of  an  easy  comparison  between  the  different  systems."— iancc<. 

"  Probably  the  most  complete  and  best  treatise  on  the  subject  which  has  appeared  in 
our  language.  .  .  .  Will  prove  of  the  greatest  use  to  all  who  h.ave  the  problem  of  Sewage 
Disposal  to  face.  .  ,  .  The  general  construction,  drawings,  and  type  are  aU  excellent."— 
Edinburgh  Medical  Journal. 
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CHARLES  GRIFFIN  &  COMPANY'S 


By  WILLIAM  STIRLING,  M.D.,  Sc.D., 

Professor  in  the  Victoria  Diiiveraity  Brackenlmry  Professor  of  Physiology  and  Histology  In  the  Owens  College 
Manchester;  and  Examiner  in  the  University  of  Oxford.  xui,  uyvi,u»  voiiege, 

SECOND  EDITION.    In  Extra  Crown  8uo,  with  234  Illustrations.    Cloth,  Oa. 

PRACTICAL  PHYSIOLOGY  (Outlines  of) : 

A  Manual  for  the  Physiolog-ical  Laboratory, 

INCLUDIXG 

CHEMICAL  AND  EXPERIMENTAL  PHYSIOLOGY,  WITH  REFERENCE  TO  PRACTICAL  MEDICINE. 
Part  I.— Chemieal  Physiology. 
Part  II.— Experimental  Physiolog-y. 


*,*  In  the  Second  Edition,  revised  and  enlarged,  the  number  of  Illustrations  has 
heen  increased  from  I4S  to  234. 


Fig.  118. — Horizontal  Myograph  of  Freddricq.  M,  Glass  plate,  moving  on  the  guides 
/)  /;  Lever ;  m.  Muscle ;  p,  e,  e,  Electrodes ;  T,  Cork  plate ;  a,  Counterpoise  to 
lever ;  II ,  Key  in  primary  circuit. 


OPINIONS  OF  THE  PRESS. 

"  This  valuable  little  manual.  .  .  .  The  general  conception  of  the  book  is  excellent  ;  the 
arrangement  of  the  exercises  is  all  that  can  be  desired  ;  the  descriptions  of  experiments  are  clear, 
CONCISE,  and  to  the  point." — British  Medical  Journal. 

"  The  Second  Edition  has  been  thoroughly  worked  up  to  date,  and  a  large  number  of  well- 
executed  woodcuts  added.  It  may  be  recommended  to  the  student  as  one  of  the  best  manuals 
he  can  possess  as  a  guide  and  companion  in  his  Physiological  Work,  and  as  one  that  will  usefully 
supplement  the  course  given  by  a  Physiological  Teacher." — Lancet. 

"  The  student  is  enabled  to  perform  for  himself  most  of  the  experiments  usually  shown  in 
a  systematic  course  of  lectures  on  physiology,  and  the  practice  thus  obtained  must  prove  in- 
valuable. .  .  .  May  be  confidently  recommended  as  a  guide  to  the  student  of  pliysiologj',  and. 
we  doubt  not,  will  also  find  its  way  into  the  hands  of  many  of  our  scientific  and  medical  practitioners." 
— Glasgow  Medical  Journal. 

"  An  exceedingly  convenient  Handbook  of  Experimental  Physiology."— .Biminfftont  Medical 
Review. 
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Companion  Volume  by  Prof.  Stirling. 

SECOND  EDITION.    In  Extra  Crown  8uo,  with  344  Illustrations.    Cloth,  128.  6d. 

PRACTICAL  HISTOLOGY  (Outlines  of): 

A  MANUAL  FOR  STUDENTS. 

Dr.  Stirling's  "  Outlines  of  Practical  Histology "  is  a  compact 
Handbook  for  students,  providing  a  Complete  Laboratory  Course,  in 
which  almost  every  exercise  is  accompanied  by  a  drawing.  Very  many  of 
the  Illustrations  have  been  prepared  expressly  for  the  work. 


Pig.  200.— L.S.,  Cervical  Ganglion  of  Dog.  c,  Capsule  ;  s,  Lymph  sinus  ;  F,  Follicle  ; 
a,  Medullary  cord  ;  b,  Lymph  paths  of  the  medulla ;  V,  Section  of  a  blood-vessel ; 
SF,  Fibrous  part  of  the  hilum,  x  10. 


OPINIONS  OF  THE  PRESS. 

"The  general  plan  of  the  work  is  ADMIRABLE.  ,  .  .  It  is  very  evident  that  the 
suggestions  given  are  the  outcome  of  a  pkolonged  experience  in  teaching  Practical 
Histology,  combined  with  a  remarkable  judgment  in  the  selection  of  methods. 
.  .  .  Merits  the  highest  praise  for  the  illustrations,  which  are  at  once  clear  and 
faithful." — British  Medical  Journal. 

"  We  can  confidently  recommend  this  small  but  concisely- WRITTEN  and  Admir^vbly 
ILLUSTRATED  Work  to  students.  They  will  find  it  to  be  a  very  useful  and  reliable 
GUIDE  in  the  laboratory,  or  in  their  own  room.  All  the  principal  methods  of  preparing 
tissues  for  section  are  given,  with  such  precise  directions  that  Httle  or  no  difficulty  can 
be  felt  in  following  them  in  their  most  minute  details.  ...  The  volume  proceeds 
from  a  master  in  his  craft.  "—Lancet. 

"We  have  no  doubt  the  outlines  will  meet  with  most  favourable  acceptance  amoncr 
workers  in  Histology.  "—Glasgow  Medical  Journal.  " 
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Second  Edition.    Handsome  Cloth,  is. 

FOODS  AND  DIETARIES: 

A  Manual  of  Clinical  Dietetics. 

BY 

R  W.  BURNET,  M.D., 

Member  ot  the  Boyal  College  of  Physicians  of  London;  Physician  to  the 
Great  Northern  Central  IIoBpital,  &c. 


In  Dr.  Burnet's  "Foods  and  Dietaries,"  the  rationale  of  the  special 
dietary  recommended  is  briefly  stated  at  the  beginning  of  each  section. 
To  give  definiteness  to  the  directions,  the  hours  of  taking  food  and  the 
QUANTITIES  to  be  given  at  each  time  are  stated,  as  -well  as  the  kinds  of  food 
most  suitable.  In  many  instances  there  is  also  added  a  list  of  foods  and 
dishes  that  are  unsuitable  to  the  special  case.  References  are  given, 
-where  required,  to  the  Recipes  for  Invalid  Cookery,  which  form  the 
Appendix,  and  which  have  all  been  very  carefully  selected. 


GENERAL  CONTENTS. 

DIET  in  Diseases  of  the  Stomach,  Intestinal  Tract,  Liver,  Lungs  and 
Pleurae,  Heart,  Kidneys,  &c.  ;  in  Diabetes,  Scurvy,  Anseraia,  Scrofula,  Gout 
(Chronic  and  Acute),  Obesity,  Acute  and  Chronic  Rheumatism,  Alcoholism, 
Nervous  Disorders,  Diathetic  Diseases,  Diseases  of  Children,  with  a  Section 
on  Prepared  and  Predigested  Foods,  and  Appendix  on  Invalid  Cookery. 


"  The  directions  given  are  uniformly  judicious  and  characterised  by  good  sense.  .  .  . 
May  be  confidently  taken  as  a  eeliable  guide  in  the  art  of  feeding  the  sick." — Brit.  Med. 
Journal. 

"To  all  who  have  much  to  do  with  Invalids,  Dr.  Burnet's  book  will  be  of  great  use.  .  .  . 
It  will  be  found  all  the  more  valuable  in  that  it  deals  with  broad  and  accepted  views. 
There  are  large  classes  of  disease  which,  if  not  caused  solely  by  errors  of  diet,  have  a  principal 
cause  in  such  errors,  and  can  only  be  removed  by  an  intelligent  apprehension  of  their  relation 
to  such.  Gout,  Scurvy,  Rickets,  and  Alcoholism  are  instances  in  point,  and  they  are  all 
treated  with  ADMIRABLE  SENSE  and  JUDGMENT  by  Dr.  Burnet.  He  shows  a  desire  to  allow 
as  much  range  and  variety  as  possible.  The  careful  study  of  such  books  as  this  wiU  very 
much  help  the  Practitioner  in  the  Treatment  of  cases,  and  powerfully  aid  the  action  of 
remedies." — Lancet. 

"  Dr.  Burnet's  work  is  intended  to  meet  a  want  which  is  evident  to  all  those  who  have  to 
do  with  nursing  the  sick.  .  .  .  The  plan  is  METHODICAL,  simple,  and  practical.  .  •  . 
Dr.  Burnet  takes  the  important  diseases  seriatim  .  .  .  and  gives  a  Time-table  of  Diet, 
with  Bill  of  Fare  for  each  meal,  quantities,  and  beverages.  .  .  .  An  appendix  of  cookery 
for  invalids  is  given,  which  will  help  the  nurse  when  at  her  wits'  end  for  a  change  of  diet  to 
meet  the  urgency  of  the  moment,  or  tempt  the  capricious  appetite  of  the  patient." — Glasgow 
Herald. 
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By  L.   HUMPHRY,  M.R.C.S. 


Eighth  Edition.    In  Extra  Crovon  8uo,  with, 
Numerous  Illustrations,  Cloth,  3s.  6c?. 

MUBSIMQ 

(A  Manual  of): 

MEDICAL  AND  SURGICAL. 


BY 


LAURENCE  HUMPHRY, 

M.A.,  M.D.,  M.R.C.S., 

Atsiitant-Physieian,  and  Lecturer  to  Probationers,  Addenbrooke' s 
Hospital,  Cambridge. 


GENERAL  CONTENTS. 

The  General  Management  of  the  Sick-Room  in 
Private  Houses — General  Plan  of  the  Human 
Body  —  Diseases  of  the  Nervous  System  —  Re- 
spiratory System  —  Heart  and  Blood- Vessels  — 

Digestive  System — Skin  and  Kidneys — Fevers  

Diseases  of  Children — Wounds  and  their  Compli- 
cations— Ulcers,  Burns,  and  Scalds — Fractures  

Operations  and  Special  Surgical  Oases — Manage- 
ment of  Child-bed  —  Appliances  —  Bandaging  

Antiseptic  Dressings  —  Artificial  Respiration  — 
Batteries  —  Massage  —  Sick-Room  Cookery,  <fec., 
&c. 


"In  the  fullest  sense  Mr.  Humphry's  book  is  a  distinct 
ADVANCE  on  all  previous  Manuals.  ...  Its  value  is 
greatly  enhanced  by  copious  woodcuts  and  diagrams  of  the 
bones  and  internal  organs,  by  many  Illustrations  of  the 
art  of  BANDAGING,  by  Temperature  charts  indicative  of 
the  course  of  some  of  the  most  characteristic  diseases,  and 
by  a  goodly  array  of  Sick-eoom  Appliances  with  which 
EVERY  Nurse  should  endeavour  to  become  acquainted."— 
British  Medical  Journal. 

"We  should  advise  all  nurses  to  possess  a  copy  of  the 
work.  We  can  confidently  recommend  it  as  an  excellent 
GUIDE  and  companion." — Hospiiai. 


—Human  Skeleton ; 
front  view. 
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By  Drs.  PORTER   and  GODWIN. 

FOURTH  EDITION.    Revised  and  Enlarged.   Foolscap  8uo,  Roan,  with  J 28  Illustrations 

and  Folding-plate.    8s.  6d. 

THE  SURGEON'S  POCKET-BOOK. 

SpeclallB  a5apte5  to  tbe  iputJllc  ^eMcal  Services. 
By  Surgeon-Major  J.  H.  PORTER. 

REVISED  AND   IN  GREAT  PART  REWRITTEN 

By  Brigabe-Suegeok    C.    H.    Y.  GODWIN, 

Late  Professor  of  Military  Surgery  in  the  Army  Medical  School. 


Fig.  72. 


"  Every  Medical  Officer  is  recommended  to  have  the  '  Surgeon's  Pocket-Book,'  by  Surgeon- 
Major  Porter,  accessible  to  refresh  his  memory  and  fortify  his  judgment."— PrA?is  of  Field- 
Service  Medical  Arranffemenis  for  Afghan  War. 

"  The  present  editor— Brigade-Surgeon  Godwin— has  introduced  so  much  that  is  new  and 
practical,  that  we  can  recommend  this  '  Surgeon's  Pocket-Bonk'  as  an  invaluablb  guide  to 
aU  engaged,  or  likely  to  be  engaged,  in  Field  Medical  Service."— i/ancet. 

"A  complete  vade  mecum  to  guide  the  military  surgeon  in  the  &eld."— British  Medical 
Journal. 

"  A  capital  little  book  ...  of  the  greatest  practical  vahie.  .  .  .  A  surgeon  wth 
this  Manual  in  his  pocket  becomes  a  man  of  resource  at  once." — Westminsta'  Review. 

"  Just  such  a  work  as  has  long  been  wanted,  in  which  men  placed  in  a  novel  position  can 
find  out  quickly  what  is  best  to  be  done.  We  strongly  recommend  it  to  every  officer  in  the 
Public  Medical  ^erncus."— Practitioner. 

"  Most  ably  fulfils  what  the  author  has  attempted,  and  gives  in  small  compass,  convenient 
form,  and  admirable  arrangement,  just  the  sort  of  information  of  practical  value  for  a  surgeon 
in  charge  of  troops  before  the  enemy."— Hdinbta-gh  Medical  Journal. 
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By  MM.  CAIRD  and  CATHCART. 


FOURTH  EDITION,  Revised.   Pooket-SIze,  Leather,  8s.  6d. 
With  very  Numerous  Illustrations. 

A  SnRGICAL  HANDBOOK, 

FOR 

practitioners,  Students,  1bousc=Surgeons, 
an5  Dreesers. 

BY 

F.  M.  CAIRD,  M.B.,  F.KO.S., 

AND 

C.  W.  OATHOART,  M.B.,  F.R.C.S., 

ABsiBtant-Surgeons,  Royal  Infirmary,  Edinburgh. 


GENERAL  CONTENTS. 

Case -Taking — Treatment  of  Patients  before  and  after  Operation — 
Anaesthetics  :  General  and  Local — Antiseptics  and  Wound-Treatment — 
Arrest  of  Haemorrhage — Shock  and  Wound-Fever — Emergency  Cases — 
Tracheotomy  :  Minor  Surgical  Operations — Bandaging — Fractures — Dis- 
locations, Sprains,  and  Bruises — Extemporary  Appliances  and  Civil 
Ambulance  Work — Massage— Surgical  Applications  of  Electricity — Joint- 
Fixation  and  Fixed  Apparatus — The  Urine— The  Syphon  and  its  Uses  

Trusses  and  Artificial  Limbs— Plaster-Casting— Post-Mortem  Examination 
— Appendix :  Various  Useful  Hints,  Suggestions,  and  Recipes. 


Fig.  85.  —  Sayre's  Treatment 
for  Fracture  of  CJavicle, 
Front  View. 


OPINIONS  OF  THE  PRESS. 

"Thoroughly  practical  and  trustworthy,  well  up  to  date,  clear,  accurate 
AND  SUCCINCT.    The  book  is  handy,  and  very  well  got  xip."— Lancet. 

"Admirably  arranged.  The  best  practical  little  work  we  have  seen.  The 
matter  is  as  good  as  the  manner."— Edinburgh  MedicalJoumal. 

r>  ■/■'7^}}^]'y°'^%°^  ^^^}  to  the  Practitioner  who  wants  a  useful  vade  mecum."— 

British  Medical  Journal. 

JouZIl^^^^^  admirably  the  objects  with  which  it  has  been  written.  "-(?icM<70w;  Medical 

"  T^His  EXCELLENT  LITTLE  WORK.  Clear,  coucise,  and  very  readable.  Gives  atten- 
Aaena'^^  °       omitted,  but  absolutely  necessary  to  success."— 

"A  dainty  volume."— Manchester  Medical  Chronicle. 
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WORKS  by  A.  WYNTER  BLYTH,  M.R.C.S.,  F.C.S., 

Public  Analyst  for  the  County  of  Devon,  and  Medical  Officer  of  Health  for  St.  Marylebone. 
NEW  EDITION.    Revised  and  partly  Rewritten. 

FOODS :  THEIR  COMPOSITION  AND  ANALYSIS. 

In  Crown  8uo,  Cloth,  with  Elaborate  Tables,  Folding  Litho-Piate,  and  Photographic  Frontispiece. 

THIRD  EDITION.    Price  16s. 
GENERAL  CONTENTS. 

History  of  Adulteration— Legislation,  Past  and  Present— Apparatus  useful  to  the 
Food- Analyst— ' '  Ash  "—Sugar— Confectionery— Honey-Treacle- J ams  and  Preserved 
Fruits-Starches — Wheaten  -  Flour—  Bread— Oats-  Barley- Rye— Rice— Maize-Millet 
—Potato— Peas— Chinese  Peas— Lentils— Beans— Milk— Cream-Butter-Cheese—iea 
— Cofifee-Cocoa  and  Chocolate  —  Alcohol  —Brandy  —  Rum  — Whisky— Gin- Arrack— 
Liqueurs— Beer— Wine— Vinegar— Lemon  and  Lime  Juice— Mustard— Pepper— bweet 
and  Bitter  Almond— Annatto-OUve  Oil— Water.  Appendix:  Text  of  English  and 
American  Adulteration  Acts. 

"  Thoroughly  practical.   .    .   .    Should  be  in  the  hands  of  every  medical  practitioner."— 

An  admirable  digest  of  the  most  recent  state  of  knowledge.  .  .  .  Interesting  even  to 
lay  readers."- CAemicaZ  News.  ^.     „    a    -j       r>  j 

"  Stands  unrivalled  for  completeness  of  information,  —bamtary  uecora. 

*  ♦The  new  Edition  contains  many  Notable  Additions  especially  on  the  su^^ 
MILK  and  its  relation  to  FEVER  EPIDEMICS,  the  PURITY  of  WATER-SUPPLY,  the  New 
MARGARINE  ACT,  itc.  &C.  

POISONS :  THEIR  EFFECTS  AND  DETECTION. 

With  Tables  and  liiustrations.    Price  16s. 
GENERAL  CONTENTS. 

Historical  Introduction-Statistics -General  Methods  of  Procedure-JLifc  Tests- 
Special  Apparatus-Classification:  I. -Organic  Poisons:  (a.)  Sulphuric,  Hydrochloric, 
and  NitrifAcids,  Potash,  Soda,  Ammonia.  &c. ;  (6.)  Petroleum,  Benzene  Camphor, 
Alcohols,  Chloroform,  Carbolic  Acid,  Prussic .  Acid  Phosphorus,  , ^  >  ^^^^^^^^ 
Nicotine,  Opium,  Strychnine,  Aconite,  Atropine  Digitahs,  &c.;  (^'•) 
from  Ai^imal  Substances;  (e.)  The  Oxalic  Acid  Group  H. -Inorganic  Poisons. 
Arsenic,  Antimony,  Lead,  Copper,  Bismuth,  Silver.  Mercury,  Zinc  Nickel,  Iron, 
Chromium,  Alkaline  Earths,  &c.  Appendix:  (A.)  Exammation  of  Blood  and  Blood- 
Spots;  (B.)  Hints  for  Emergencies.  d  • 

"  One  of  the  best  and  most  comprehensive  works  on  the  subject."— ^a^urday  Review. 

"A  Lvmd  and  Practical  Manual  of  Toxicology,  which  cannot  be  too  ^^J-^^y 
mended.    ...    One  of  its  chief  merits  is  that  it  discusses  substances  which  have  been 
overlooked."- CAcmicaZ  I/ews.  

HYGIENE  AND  PUBLIC  HEALTH  (A  Dictionary  of): 

Embracing  ttie  following  subjects:— 
I.-SANITAKT  Chemistry:  the  Composition  and  Dietetic  Value  of  Foods,  with 
the  Detection  of  Adulterations.  w,f Vpnfilation 

II.— Sanitary  Engineering:  Sewage,  Drainage,  Storage  of  Water,  VentUation, 

m  -SA™Y°LErSLATioN:  the  whole  of  the  PUBLIC  HEALTH  ACT,  together 
wTth  portions  of  other  Sanitary  Statutes,  in  a  form  admitting  of  easy  and 

IV.-EpIdemic^Ind  Epizootic  Diseases  :  their  History  and  Propagation  with  the 
Measures  for  Disinfection, 
v.— HYGiJiNE— Military,  Naval,  Private,  Public,  School. 

Royal  8uo,  672  pp.,  Cloth,  with  Map  and  140  Illustrations,  28s. 
«' A  work  that  must  have  entailed  a  vast  amount  of  labour  and^^^^^  ..." 
become  a  Standard  Work  in  Public  HEALTH.»-i/erftcai  Tim^^and  Ga.Me 

"  Contains  a  great  mass  of  information  of  easy  reference."-Sg».itory  Hecora.  
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By  W.  ELBORNE,  F.L.S. 

In  Extra  Crown  Svo,  with  Litho-plates  and  Numerous  Illustrations.    Cloth,  Ss.  M. 

PHARMACY  AND  MATERIA  MEDICA 

(A  LABORATORY  COURSE  OP)  : 

Including  the  Frinciples  and  Practice  of  Dispensing. 

Adapted  to  the  Stody  of  the  Beitish  PHARMAOopcErA  and  the  Requieements 

OF  THE  Private  Student. 

By  W.  ELBORNE,  F.L.S.,  F.C.S., 

Late  Assistant-Lecturer  in  Materia  Medica  and  Pharmacy  in  the  Owens  College,  Manchester. 

"  A  work  which  we  can  very  highly  recommend  to  the  perusal  of  all  Students  of 
Medicine.  .  .  .  Admirably  adapted  to  their  requirements." — Edinburgh  Medical 
Journal. 

"  Mr.  Elborne  evidently  appreciates  the  Requirements  of  Medical  Students,  and 
there  can  be  no  doubt  that  any  one  who  works  through  this  Course  will  obtain  an 
«xcellent  insight  into  Chemical  Pharmacy." — British  Medical  Journal. 

"The  system  .  .  .  which  Mr.  Elborne  here  sketches  is  thoroughly  sound." — 
Chemist  and  Druggist, 


By  Drs.  DUPRE  and  HAKE. 

SECOND   EDITION.     Crown  8w.     Cloth,  Is.  M. 

INORGANIC  CHEMISTRY  (A  short  Manual  of). 

By  a.  Ph  D-,  F.R.S.,  and  WILSON  HAKE, 

Ph.D.,  F.I.O.,  F.C.S.,  of  the  Westminster  Hospital  Medical  School. 

"  A  well- written,  clear,  and  accurate  Elementary  Manual  of  Inorganic  Chemistry. 
.  .  .  We  agree  heartily  in  the  system  adopted  by  Drs.  Dupre  and  Hake.  Will 
MAKE  Experimental  Work  trebly  interesting  because  intelligible." — Saturday 
Review. 


WORKS  by  Ppof.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S.,  F.R.S.E., 

Glasgow  and  West  of  Scotland  Technical  College. 

OUTLINES  OF  QUANTITATIVE  ANALYSIS. 

With  Illustrations.     THIRD  EDITION.     Crown  %vo,  Cloth,  3s. 

"A  practical  work  by  a  practical  man  .  .  .  will  further  the  attainment  of 
accuracy  and  method." —Journal  of  Education. 

"  An  ADMIRABLE  little  volume    .    .    .    well  fulfils  its  purpose.  "—^c/ioo?OTa.s«er. 

"  A  COMPACT  LABORATORY  GUIDE  for  beginners  was  wanted,  and  the  want  has  been 
•WELL  SUPPLIED.    ,    .    .    A  good  and  Useful  book."—i^ance<. 


By  the  SAME  Author. 

OUTLINES  OF  QUALITATIVE  ANALYSIS. 

With  Illustrations.     THIRD  EDITION.     Crown  8wo,  Cloth,  3s.  6d. 
"  The  work  of  a  thoroughly  practical  chemist    ...    and  one  which  may  be 
unhesitatingly  recommended.  "—British  Medical  Journal. 

"Compiled  with  great  care,  and  will  supply  a  want. "— /oitnioZ  of  Education. 
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By  Prof.  A.  JAMIESON,  M.I.E.E.,  F.R.S.E. 

Second  Edition.    Crown  Suo,  Ss.  6d. 

MAGNETISM  AND  ELECTRICITY 

(An  Elementary  Manual  on): 

WITH     NUMEROUS  ILLUSTRATIONS. 

"  An  ADMIRABLE  Introduction  to  Magnetism  and  Electricity  .  .  .  the  production  of 
a  skilled  and  experienced  Teacher  .  .  .  explained  at  every  point  by  simple  experiments, 
rendered  easier  by  admirable  Illustrations." — British  Med-  Journal. 

"  Teachers  are  to  be  congratulated  on  having- such  a  thobohghly  tktjstworthy  Text- 
Book  at  their  disposal."— iVaiwre. 


By  Prof.  H.  G.  LANDIS,  M.D.,  Starling  Medical  College. 

THE  MANAGEMENT  OF  LABOUR  AND  OF  THE  LYING-IN  PERIOD. 

In  Bvo,  with  Illustrations.    Cloth,  Is,  &d, 
"  Fully  accomplishes  the  object  kept  in  view  by  its  author.    .   .   .    Will  be  found  of 
GREAT  VALUE  by  the  young  practitioner."— ffZa-sfirow  Medical  Journal. 


By  Surgeon-General  Sir  THOMAS  LONGMORE,  C.B. 

THE  SANITARY  CONTRASTS  OF  THE  CRIMEAN  WAR. 

Demy  8vo.    Cloth  limp,  Is.  Qd. 

"  A  most  valuable  contribution  to  Military  Medicine."— 5n«jsA  Medical  Journal. 
"  A  most  concise  and  interesting  Eeview."— iancet. 


By  Prof.  W.  KITCHEN  PARKER,  F.R.S. 

MAMMALIAN  DESCENT: 

Being  the  Hunterian  Lectures  for  1884. 

Adapted  for  General  Readers.    With  Illustrations.    In  Svo,  cloth,  10s.  6d. 
"The  smallest  details  of  science  catch  a  living  glow  from  the  ardour  of  t^f  a'^^j^^r's 
imacanation  we  are  led  to  compare  it  to  some  quickening  spirit  ^vhich  makes^U  the 

d^  bones  of  skulls  and  skeletons  stand  up  around  him  as  an  exceecimg  great  army.  -Frot. 

Romanes  in -A^a^ure.  ,    ,  i      -o^f  -Pauitpr  is  no 

"A  very  striking  book    .    .    .   as  readable  as  a  book  of  travels.   Prof.  PARKER  is  no 

Materialist."— i/eices^cr  Post. 
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WORKS 

By   J.    R.   AINSWORTH    DAVIS,  B.A., 

PROFESSOR  OF  BIOLOGY,  UNIVEKSITIT  COLLEGE,  ABERYSTWYTH. 

BIOLOGY    (A    TEXT-  BOOK  OF); 

Comprising  Vegetable  and  Animal  Morphology  and  Physiology. 

SECOND   EDITION.      Nearly  Ready. 

GENERAL  CONTENTS. 

Part  I.  Vegetable  Morphology  and  Physiologt.— Fungi— Algis— The  Moss— The 

Fern — Gymnosperms — Angiosperms. 
Comparative  Vegetable  Morphology  and  Physiology — Classification  of  Plants. 

Part  II.  Animal  Morphology  and  Physiology. — Protozoa— Coelenterata— Vermes  

Arthropoda — Mollusca— Amphibia— A  ves— Mammalia. 
Comparative  Animal  Morphology  and  Physiology — Classification  of  Animals. 
With  Bibliography,  Uxam. -Questions,  Complete  Glossary,  and  158  Illttstrations. 
"  As  a  general  work  of  reference,  Mr.  Davis's  manual  will  be  highly  serviceable  to  medical 
men." — British  Medical  Journal. 

"  Furnishes  a  clear  and  comprehensive  exposition  of  the  subject  in  a  systematic  form  "  Saturday 

Review.  " 
"  Literally  packed  with  information."— (??as£row  Medical  Journal. 


THE    FLOWERING  PLANT, 

AS  ILLUSTRATING  THE  FIRST  PRINCIPLES  OF  BOTANY. 

Specially  adapted  for  London  Matriculation,  S.  Kensington,  and  University  Local 
Exammations  m  Botany.    Second  Edition.    With  numerous  Illustrations.    3s.  6d. 

"  It  would  be  hard  to  find  a  Text-book  which  would  better  guide  the  student  to  an  accurate 
knowledge  of  modem  discoveries  m  Botany.  .  .  .  The  scientific  accuracy  of  statement  and 
the  concise  exnosition  of  fihst  pkinciples  make  it  valuable  for  educational  purposes.  In  the  chanter 
on  the  Physiology  of  Flowers,  an  admirable  risume  is  given,  drawn  from  Darwin,  Hermann  Jliiller 
sldety  °^  ^^^^     '^""^'^  °f  ''^^  Fertilization  of  Flowers.  "-/oMr«a?  of  the  Linnean 

trJLl^^lZ  T"^  P'"'""^  ""'^^  ^°^'™'  ...  the  author's  style  is  most  clear,  and  his 
treatment  that  of  a  PRACTISED  INSTRCCTOR.  .  .  .  The  Illustrations  are  very  good,  suitable  and 
helpful.    The  Appendix  on  Practical  Work  will  be  invaluable  to  the  private  studfnt  '  We 

heartily  commend  the  work."— &/iooZmasi:en  .    .    .  »ie 

*,*  Recommended  by  the  National  Home-Reading  Union  ;  and  also  for  use  in 
the  University  Correspondence  Classes. 


A   ZOOLOGICAL    POCKET «  BOOK: 

OP,  Synopsis  of  Animal  Classification. 

Comprising  Definitions  of  the  Phyla,  Classes,  and  Orders,  with  explanatory 

Remarks  and  Tables. 
By   Dr.    EMIL  SELENKA, 

Professor  in  the  University  of  Erlangen. 

In  SiTitH^Pn^ «^  translation  from  the  Third  German  Edition. 

In  Small  Post  8vo,  Interleaved  for  the  use  of  Students.    Limp  Covers,  4s. 

and  s.'':c^.t:^t:,S:^^^^^^^  ^-'ogy-      -  a  COMPUKHKNSIVE 

y^orm.--Edin.  Med  !ro„, vLf  °^       "'"'""■'^^  arrangement  of  the  animal 

i.^o:'^iiz:::z'^::':^^^^^^  •  •  •  The  trans. 
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Ninth  Annual  Issue,  now  Ready. 

For  a  COMPLETE  RECORD  of  the  PAPERS  read  before  the 
MEDICAL  SOCIETIES  throughout  the  United  Kingdom  during 
each  Year,  vide 

THE  OFFICIAL  YEAR-BOOK 

OF  THE 

SCIENTIFIC  AND  LEARNED  SOCIETIES 

OF  GREAT  BRITAIN  AND  IRELAND, 

Price  7s.  6d. 

COMPILED  FROM  OFFICIAL  SOURCES. 

Comprisinq  (toqether  with  other  Official  Information)  LISTS  of  the  PAPERS 
read  during  1890  before  the  ROYAL  SOCIETIES  of  LONDON  and 
EDINBURGH,  the  ROYAL  DUBLIN  SOCIETY,  the  BRITISH 
ASSOCIATION,  and  all  the  LEADING  SOCIETIES  throughout  the 
Kingdom  engaged  in  the  following  Departments  of  Research  : — 


§1.  Science  Generally:  i.e..  Societies  occupy- 
ing themselves  with  several  Branches  of 
Science,  or  with  Science  and  Literature 
jointly. 

§  2.  Mathematics  and  Physics. 
§  3.  Chemistry  and  Photography. 
§  4.  Geology,  Geography,  and  Mineralogy. 
§  5.  Biology,  including  Microscopy  and  An- 
thropology. 


§  6.  Economic  Science  and  Statistics, 

§  7.  Mechanical  Science  and  Architecture. 

§  8.  Naval  and  Military  Science. 

§  9.  Agriculture  and  Horticulture. 

§10.  Law. 

§  11.  Medicine. 

§  12.  Literature. 

§13.  Psychology. 

§  14.  Archaeology. 


"  The  Yeae-Book  of  Societies  is  a  Record  which  ought  to  be  of  the  greatest  use  for  the 
progress  of  Bcience."-;S»r  Dyon  Playfavr,  F.R.S.,  K.C.B.,  M.P.,  Past- President  of  thA 
British  Association.  ,  .    ,     .n  v    ■  i.- 

"It  goes  almost  without  saying  that  a  Handbook       t^\i«  ^'i^J^^* 
one  of  thi  most  generally  useful  works  for  the  Ubrary  or  the  desk.  '-The  Times. 

"The  Year-Book  of  Societies  meets  an  obvious  want,  and  promises  to  be  a  valuable 
work  of  reference."—^  thenaum.  j  •  xv  t 

"  The  Year-Book  of  Scientific  and  Learned  Societies  meets  a  want,  and  is  therefore 
sure  of  a  welcome."— Westmiiister  Review. 

"  As  A  Book  of  Reference,  we  have  ever  found  it  trustworthy."— iancef. 

"  Remarkably  fuU  and  accurate."— jBriSis/t  Medical  Journal. 

"  An  exceedingly  weU  drawn  up  volume,  compiled  with  F^^*  ^^-^^^^^y >  ^l^,"!  ^» 
to  any  one  who  may  wish  to  keep  himself  abreast  of  the  scientific  work  of  the  day.  -Editi. 
Medical  Journal. 

Copies  of  the  First  Issue,  giving  an  account  of  the  History,  Organisa- 
tion, and  Conditions  of  Membership  of  the  various  Societies  [with  Appendix 
on  the  Leading  Scientific  Societies  throughout  the  world],  and  forming  the 
groundwork  of  the  Series,  may  still  be  had,  price  7s.  6d.  Also  Copies  of  the 
following  Issues. 

The  YEAR-BOOK  OF  SOCIETIES  forms  a  complete  isdex  to  the  scientific 
WORK-  of  the  year  m  the  various  Departments.  It  is  used  as  a  ready 
SI^JBbook  in  all  our  great  Scientific  Centres,  Museums,  and  Librarils 
throughout  the  Kingdom,  and  will,  without  doubt,  become  an  indispensable 
BOOK  OF  reference  to  evory  one  engaged  in  Scientific  Work. 

LONDON:  CHARLES  GRIFFIN  &  COMPANY,  EXETER  STREET.  STRAND. 


